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Summary 
 
In this research the antioxidant nature of petai seeds and pods was studied. The 
effectiveness of petai as a natural source of antioxidants was evaluated using several 
methods. Antioxidant capacities of seeds and pods were compared, the active 
antioxidants were identified using HPLC and the nature of antioxidant compounds was 
studied. Furthermore, possible antioxidants present in pods and seeds were analyzed 
using LC-MS. 
 
Aqueous ethanolic extract of petai seeds showed high radical scavenging activity with 
ABTS+ (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonate) and DPPH (2,2-diphenyl-1-
picrylhydrazyl) radicals. It also showed good reducing ability with FRAP (Ferric 
reducing / antioxidant power) assay. Thus this seeds are significant in the diet, as they 
can effectively scavenge harmful radicals / reduce metal ions that induce Fenton reactions 
and protect the cells from damage. Petai seeds were found to show high phenolic content. 
They also showed some activity with Ellman’s reagent indicating the presence of thiol 
compounds. Vitamin C content was found to be high in petai seeds. This is one of the 
major compounds that contribute to the total antioxidant capacity (TAC) of the seeds. 
LC-MS analysis of the seed extract showed that there are some important flavonoids and 
polyphenolic compounds present in the seeds which contribute to the TAC. The 
correlation between the TAC and total phenolic content (TPC) was found to be high. This 
showed that a major portion of TAC was contributed by phenolic compounds. Further it 
was found that antioxidant activity increased on increasing the temperature. This increase 
  x 
was not due to the increase in extraction of vitamin C into the solution but might be due 
to the presence of Maillard reaction products formed on heating the solution. 
 
Antioxidant capacity of petai pods found by ABTS•+, DPPH• and FRAP methods was 
very high compared with the seeds. There was a 6-fold difference in the antioxidant 
capacities of petai seeds and pods found by radical scavenging assays while there was 19 
-fold difference in the antioxidant capacities by FRAP assay. There was no vitamin C in 
pods which is in contrast to the seeds. Similar to seeds the TAC of pods also was found to 
correlate well with the TPC. This shows the contribution of phenolic compounds to the 
TAC. HPLC analysis shows many active antioxidant compounds. Several possible 
antioxidant compounds were identified in pods by LC-MS.  
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1.   INTRODUCTION                                                                                                                                                                                                                                    
 
1.1 Radicals and their biological effects   
   
 
1.1.1 Free radicals and reactive oxygen species     
 
Free radials are molecules / atoms with unpaired electrons. Radicals are produced in the 
cells as by-products of normal oxidation. Most of the radicals are reactive oxygen species 
(ROS) formed during normal cell aerobic respiration (Gutteridge and Halliwell, 2000). 
ROS are oxygen derived chemically reactive molecules (Fridovich, 1999; Betteridge, 
2000; Halliwell, 1999; Halliwell, 1996). Free radicals and ROS react with several 
biomolecules and begin a chain reaction. These reactions only stop when the free radicals 
are eliminated; the generated free radical reacts with another free radical or when it reacts 
with a chain breaking or primary antioxidant.  
 
1.1.2 Types of Reactive Oxygen Species and their generation 
 
The major ROS present in the cells are Superoxide, Hydrogen peroxide, Hydroxyl 
radical, and Nitric oxide. Superoxide anions are formed by an electron addition to the 
molecular oxygen. It is not as reactive as other ROS. It is formed with the respiratory 
chain in an electron-rich environment in the vicinity of inner mitochondrial membrane 
(Figure 1.1). 
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Figure 1.1 Formation of superoxide by flavin-containing enzymes from oxygen molecule. 
Two molecules of superoxide dismute spontaneously or by superoxide dismutases to 
form dioxygen and hydrogen peroxide. Hydrogen peroxide is converted to dioxygen and 
water by enzymes or it can be converted to reactive hydroxyl radicals catalyzed by 
transition metals (Jones and Elias, 2001). 
 
Flavoenzymes, such as xanthine oxidase activated in ischemia reperfusion produces 
endogenous superoxide (Figure 1.1) (Kuppusamy and Zweier, 1994; Zimmerman and 
Granger, 1994).  Superoxide is generated by lipoxygenase and cycloxygenase enzymes 
(Kontos et al., 1985; McIntyre et al., 1999). A membrane associated enzyme complex, 
NADPH-dependent oxidase of phagocytic cells, also produces high-levels of superoxide 
(Thannickal and Fanburg, 2000).   
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Hydrogen peroxide (H2O2) is produced by enzymes such as superoxide dismutase (SOD), 
NADPH-oxidase, glucose oxidase, and xanthine oxidase (Jones and Elias, 2001). The 
hydroxyl radical is very reactive compared with other radicals. It is formed from 
hydrogen peroxide in a reaction known as Fenton reaction that is catalysed by metal ions 
(Fe2+ or Cu2+) (Halliwell, 1999; Halliwell, 1987). Nitric oxide (NO) does not react readily 
with biomolecules. It is synthesized enzymatically from L-arginine by NO synthase 
(NOS) (Andrew and Mayer, 1999; Beck et al., 1999; Bredt, 1999). 
 
1.1.3 Biological effects of radicals   
 
There are several beneficial effects of ROS in biological systems. They are useful in 
intracellular signalling and redox regulation. Nitric oxide (NO) is found to be a signalling 
molecule (Furchgott, 1995; Palmer et al., 1987) and it regulates transcription factor 
activities and other determinants of gene expression (Bogdan, 2001). Hydrogen peroxide 
and superoxide show similar intracellular functions (Kamata and Hirata, 1999; Finkel, 
1998; Rhee, 1999; Sundaresan et al., 1995; Patel et al., 2000). Several cytokines, growth 
factors, hormones, and neurotransmitters use ROS as secondary messengers in the 
intracellular signal transduction (Thannickal and Fanburg, 2000). Another important 
function of radicals is as a defense against infection. The activated phagocytes produce 
ROS that kill bacteria entering the cells (Thomas et al., 1988).  
 
Paradoxically, radicals have many deleterious effects. They oxidize important 
components of cell permanently damaging them. They oxidize lipids, proteins, DNA and 
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other unsaturated fatty acids (Halliwell and Gutteridge, 1989). Hydroxyl radical is the 
most reactive among all the radicals generated in the body. It is capable of reacting with 
any molecule in the living cell (Halliwell, 1989). 
 
ROS are found to be mutagenic. They damage deoxy ribo nucleic acid (DNA) mainly by 
the reaction with •OH radicals, chemically modifying them by cleavage of DNA; DNA-
Protein cross links or by oxidation of purines etc., leading to structural changes (Marnett. 
2000; Mates et al., 1999). Structural changes in DNA will lead to mutations and 
cytotoxic effects (Diplock, 1991; Lonsdale, 1986), which, in turn may lead to cancer and 
other diseases. This may be the reason for why there is high incidence of cancer in people 
exposed to oxidative stress (Marnett. 2000; Mates et al., 1999).   
 
Amino acid residues are oxidized by ROS leading to either modified and less active 
enzymes or denatured and non-functional enzymes (Butterfield et al., 1998; Stadtman 
and Berlett, 1998). Amino acids containing sulfur or selenium residues are more prone to 
oxidation by radicals (Jonas and Elias, 2001).  
       
ROS cause lipid peroxidation. Lipids form an important part of the cell and many foods. 
The unsaturated sites of polyunsaturated fatty acids are easily attacked by free radicals. 
Low density lipoproteins (LDL) are oxidized to form atherosclerotic plaques, which are 
responsible for the development of cardiovascular disease (Halliwell, 1993; Frei, 1999). 
Lipids are degraded on reaction with oxygen, a process known as autoxidation. The 
process involves three stages 1) initiation, 2) propagation, and 3) termination reactions. 
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Free radicals also initiate oxidation of lipids in food systems and this leads to the 
development of rancidity, protein damage, and oxidation of pigments causing a loss of 
sensory properties, nutritive value, and shelf life of food products (Madhavi et al., 1996). 
Methionin residues in proteins on reaction with peroxide give methionine sulfoxide that 
is oxidized further to methionine sulfones (Equation 1.1). 
 
CH2 S CH3CH2 CH2 S CH3CH2 CH2 CH3CH2 S
O O
O
       
 
 methionin residue in protein    methionine sulfoxide     methionine sulfone      
                                            
Cysteine residues are oxidized to sulfenic acid (Cy-SOH), sulfinic acid (Cy-SO2H) and 
sulfonic (Cy-SO3H) acid derivatives on reaction with peroxides and other activated forms 
of oxygen. The amino acids histidine, tryptophan, tyrosine, and methionine present in 
food containing sensitizers such as riboflavin and chlorophyll are also susceptible to 
oxidation reactions when exposed to gamma radiation or light (Parkin and Damodaran, 
1993; Belitz, 1993).       
 
1.2 Importance of antioxidants 
 
 
Antioxidants are compounds that show reducing activity. They protect the components of 
cells and biomolecules from oxidation by scavenging or donating an electron / hydrogen 
 (Equation 1.1) 
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atom to free radicals / reactive oxygen species (ROS) such as superoxide, hydroxyl, and 
peroxy radicals.  
 
Antioxidants play many vital functions in a cell and have many beneficial effects when 
present in foods. They are effective in prevention of degenerative illnesses, such as 
different types of cancers, cardiovascular and neurological diseases, cataracts, and 
oxidative stress disfunctions (Stahelin et al., 1989; Riemersma et al., 1991; Ames et al., 
1993; Riemersma, 1994; Mackerras, 1995; Halliwell, 1996; Schwartz, 1996). Vitamin E, 
a natural antioxidant shows anticarcinogenic properties because it prevents lipid 
oxidation and scavenges radicals (Gaby and Machlin, 1991). The importance of 
antioxidants in prevention of diseases and as promoters of good health is widely 
recognized and studied. The demand for functional foods that are supplemented with 
antioxidants is increasing each year as more and more people are realizing the importance 
of a diet rich in antioxidants in prevention of diseases. They are now being considered as 
an important class among nutraceuticals. The important function of antioxidants in foods 
is to increase their shelf-life by preventing lipid peroxidation, thereby keeping them fresh 
for a long time. They can be incorporated (with or without chemical modification) into 
food delivery systems, such as dairy products, and other food products. In recent times 
there has been an increase in the use of antioxidants in the food industry, not only as 
dietary supplements but also to increase the shelf life of foods.  
 
Antioxidants are used in plastics, rubber and elastomers, foods, fuels and other functional 
fluids, agricultural feeds, and cosmetics. However, the applicability of a particular 
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antioxidant for a specified purpose depends on the regulations governing health and 
safety that exists within the food, agriculture and cosmetic industries, cost effectiveness, 
stability within a given system, and the minimization of undesirable effects such as 
discoloration in plastics (www.buscom.com).  
 
Antioxidant phytochemicals in foods especially in vegetables, fruits, and grains are found 
to have human disease prevention abilities, and may improve food quality (Yu et al., 
2002). Endogenous antioxidants, such as glutathione present in living cells, alone cannot 
completely prevent the damaging effects of free radicals (Simic, 1988). Therefore, there 
is a need for exogenous antioxidants (e.g. antioxidants from food) that are widely 
available from food. There is a continuous search for foods rich in antioxidants. Every 
year numerous papers are being published on this area. This research is beneficial for 
common people as they can choose foods rich in antioxidants. The other goal of this 
research is to search for new antioxidants and study the structures and mechanisms of 
antioxidant compounds. This has a potential use in pharmaceutical industry in drug 
discovery.  
 
The antioxidant capacity of different kinds of foods that are consumed by man is worth 
looking at, as this will help the nutritionist to suggest a better diet for maintaining good 
health. Study of the antioxidant nature of fruits, vegetables and plant products helps the 
chemical industry choose such plants that have high antioxidant capacity and extract 
antioxidant compounds from them, provided it is economical to the do so. Due to the 
various benefits of antioxidants present in foods, it was decided to study the antioxidant 
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nature of Petai (Parkia Speciosa), a common vegetable in SE Asia. The research will 
provide important information regarding its antioxidants nature. In this chapter a detailed 
discussion about the biological effects of radicals, their generation, different types of 
antioxidants, methods used for measuring antioxidant activities, and importance of petai 
will be discussed in detail. 
 
1.3 Antioxidants classification based on their sources 
 
Antioxidants can be classified into two classes as natural or synthetic antioxidants. Natural 
antioxidants are extracted from plant and animal sources. Synthetic antioxidants are 
prepared synthetically in the laboratory. 
 
1.3.1 Natural antioxidants 
 
Natural antioxidants such as tocopherols and vitamin C can act as primary antioxidants 
and are efficient radical scavengers, other naturally occurring antioxidants such as thiols, 
sulfides, free amino groups of proteins, carotenoids act as secondary antioxidants. 
Chelating agents such as citric acid and phytic acid are also available naturally. The 
antioxidants present in cells such as superoxide dismutase, enzymes that metabolize 
reactive oxygen species, superoxide reductase that catalyzes direct reduction of 
superoxide, catalases that catalyze dismutation of hydrogen peroxide to water and 
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molecular oxygen, glutathione-related systems, selenium compounds, lipoic acid, and 
ubiquinones are other examples of naturally occurring antioxidants. 
 
Table 1.1 Some natural antioxidants and their sources (Pokorny et al., 1991). 
Natural antioxidants Sources 
Tocopherols, tocotrienols, sesamol, phospholipids, olive oil resins Oils and oil seeds 
Several lignin-derived compounds Oats and rice bran 
Ascorbic acid, hydroxycarboxylic acids, flavonoids, carotenoids Fruits and vegetables 
Phenolic compounds Spices, herbs, tea, cocoa 
Amino acids, dihydropyridines, Maillard reaction products. 
Proteins and protein 
hydrolysates 
Catechin, Epicatechin, Myricetin, Quercetin, Kaempferol  Teas 
 
 
Organic acids, such as citric acid and phytic acid act as chelating agents by binding metal 
atoms and prevent them from initiating radicals. The chemical structures of tocopherols, 
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                                      R1         R2      R3 
CH3      CH3     CH3        -     α-tocopherol 
CH3        H      CH3        -     β-tocopherol 
H          CH3     CH3       -     γ-tocopherol 
H            H       CH3       -     δ-tocopherol 
 
Figure 1.2 Structures of some naturally occurring antioxidants 
 
Polyphenolic compounds are an important group of natural antioxidants. Phenols contain 
one aromatic ring with a minimum of one hydroxyl group. Polyphenols contain a 
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minimum of two aromatic rings with a minimum of one hydroxyl group in each aromatic 
ring (Lazarus et al., 2001).  
 
Flavonoids are polyphenolic antioxidants. The basic structure is the same for all 


















Figure 1.3 Basic structure of flavonoids 
 
Flavonoids are divided into six classes; they are flavones, flavanones, isoflavones, 
flavonols, flavanols, and anthocyanins (Rice-Evans and Miller, 1997). Examples of 
natural antioxidants that belongs to flavonoids are 3, 4-dihydroxychalcones (e.g. butein, 
okanin), flanones (e.g. luteolin, isovitexin), anthocyanins (e.g. cyanidin-3-glucoside, 
malvidin-3-glucoside), isoflavones (e.g. daidzein, genistein), dihydroflavonols (e.g. 
dihydroquercetin), flavonols (e.g. gossypetin), cinnamic acids, ferulic acid, caffeic acid, 
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1.3.2 Synthetic antioxidants 
 
Synthetic antioxidants are prepared synthetically in the laboratory. They are generally 
phenolic compounds. Therefore, the mechanism of their reaction with radicals is the 
same as that of phenolic antioxidant compounds, i.e. they act as chain breaking 
antioxidants and involve transfer of a hydrogen atom or an electron to radicals. 
Antioxidants of this category such as butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT) stabilize by delocalization of electrons after the donation of a 
hydrogen atom (Figure 1.4). They form stable quinones when they donote electrons and 
protons (Figure 1.4). Terminations of these radicals can also occur when they react with 









   Figure 1.4 Stabilization of phenol by delocalization of electron 
 
      
O O. . OO+
 
              Figure 1.5 Termination reaction of phenoxy radical 
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Many synthetic antioxidants are approved to be safe and used as food additives to 
increase shelf life and prevent oxidative damages. Figure 1.6 shows some of the 
generally used synthetic antioxidants. The structures of butylated hydroxyanisole, 
butylated hydroxytoluene, and tert-butyl hydroquinone are shown in the Figure 1.6 
(Rajalakshmi and Narasimhan, 1996). 
 














butylated hydroxyanisole                 propyl gallate                butylated hydroxytoluene          





                                             tertiary butyl hydroquinone 
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1.4 Different types of antioxidants 
 
Based on the mechanism of reactions, antioxidants are classified into primary 
antioxidants, secondary antioxidants, and synergistic antioxidants. 
 
1.4.1 Primary antioxidants or chain breaking antioxidants 
 
Chain breaking antioxidants scavenge radicals, inhibit chain initiation, and break chain 
propagations (Niki, 1997). Primary antioxidants react directly with free radicals and 
donate an electron or a hydrogen atom. They are effective even when present in low 
concentrations. Phenolic compounds occurring naturally such as eugenol, vanillin, 
rosemary, and vitamins such as vitamin C and vitamin E belong to this type of 
antioxidant (Rajalakshmi and Narasimhan, 1996; Niki, 1997).  This class of antioxidants 
can react with ROS either by single electron transfer or hydrogen atom transfer (Ou et 
al., 2002). 
1.4.1.1 Important reactions of primary antioxidants 
 
Primary antioxidants (AH) can react with free radicals [e.g. lipid radicals (L•)] and 
form stable antioxidant radicals (A•) (Equation 1.2). This delays the initiation of free 
radicals. 
 
AH + L•  →  A•  + LH                                                                               (Equation 1.2) 
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They react with lipid peroxy or alkoxy radicals (Equation 1.3 and Equation 1.4) and 
prevent their reaction with lipids (Rajalakshmi and Narasimhan, 1996). 
 
AH + LOO•  →  A•  + LOOH                                                                    (Equation 1.3) 
 
AH + LO•    →  A• + LOH                                                                          (Equation 1.4) 
 
1.4.1.2 Important primary antioxidant compounds 
 
There are several naturally available primary antioxidant compounds. The reaction 
mechanism of these compounds with radicals and their oxidation products differ from 
one another. Some of the important natural antioxidants, their reaction mechanisms and 
their oxidation products are given below. 
 
Vitamin E (α-TOH) in phospholipid bilayers of cells acts as an efficient antioxidant. It 
scavenges lipid peroxy radicals (LOO•) by hydrogen atom transfer (Equation 1.5) 
(Burton and Ingold, 1981). 
 
 α-TOH + LOO•  →  α-TO•  + LOOH                                                         (Equation 1.5) 
 
The oxidation of α-TOH leads to the formation of tocopheryl radical (α-TO•) that is 
stabilized by aromatic delocalization.  α-TO• on further oxidation produces α-tocopheryl 
quinone as shown in Figure 1.7 (Chaudiere and Ferrari-Iliou, 1999). 

























α-tocopherol (α-TH)       α-tocopheroxyl radical (α-T•)             α -tocopheryl quinone                                  
Where R1= [CH2CH2CH2CH (CH3))] 3-CH3  
        Figure 1.7 Chemical structures of α-tocopherol and its oxidation products. 
 
Ubiquinol (QH2) in its mono deprotonated form denotes an electron forming semi-
ubiquinone (SQH•) (Kagan et al., 1994; Tsuchiya et al., 1994). This can further oxidize 
to form ubiquinone (Q) as shown in Figure 1.8 (Chaudiere and Ferrari-Iliou, 1999).     






















-eH- - - ++
Ubiquinol (QH2)                     semi-Ubiquinone (SQH•)                        Ubiquinone (Q)                               
 
Where R2= [CH2CH=C (CH3) CH2] n-H     (n=6-10) 
 
Figure 1.8 Conversion of ubiquinol to semi-ubiquinone and ubiquinone on oxidation. 
 
Phenolic compounds like catechol act as antioxidants by donation of an electron to 
radical cation to form semi-quinone that can further donate an electron to form quinone 
(Pannala et al., 2001) (Figure 1.9). 
 









                  
                    catechol                    semi-quinone                       quinone 
 




β-carotene can act as an antioxidant following two pathways, the first pathway in which 
it donates an electron to a radical to form a cation radical (β-carotene•+) and the second 
involving direct free radical addition to it to form an adduct [β-carotene (OOR)] (Figure 
1.10) (Everett et al., 1996; Grant et al., 1988; Burton and Ingold, 1984).                    
                                                                                                                           
                                
                                                      β-carotene 
 









    
OOR
.
     
                         β-carotene•+                                         β-carotene (OOR) 
 
 




  18 
The ene-diol structure of ascorbic acid is present in the form of its conjugated base (AH -) 
at physiological pH. The ascorbate (AH-) donates an electron and a proton to form 
ascorbyl radical (A•-) (Wardman, 1989). The ascorbyl radical (A•-) slowly converts back 
























Ascorbate (AH -)                   Ascorbyl radical (A• -)                  Dehydroascorbate (A) 
Figure 1.11 Conversion of ascorbate by loss of a proton and an electron to ascorbyl 
radical and slow dismutation of ascorbyl radical to ascorbate and dehyroascorbate. 
 
Thiols (RSH) are biologically important as they donate a hydrogen atom to radicals to 
form thiyl radicals (RS•) (Equation 1.6) and protect cells from damage (Wardman, 
1995). However, protection of thiols against radicals requires the conversion of thiyl 
radicals (RS•) into less reactive radicals or molecular products. Thiyl radicals react 
with physiological electron (D-) or hydrogen (DH) donors and thus convert into stable 
products (Equation 1.7 and Equation 1.8) (Schoneich, 1995).  
 
R’•  + RSH → R’H + RS•                                                                           (Equation 1.6) 
DRS -. RS D.+ +
                                                                       (Equation 1.7)                                                                                                                      
Slow dismutation  Slow dismutation 
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RSHDHRS. D.++
                                                                   (Equation 1.8)   
                                                   
1.4.2 Secondary antioxidants or preventive antioxidants 
 
Preventive antioxidants suppress the generation of free radicals (Niki, 1997). Secondary 
antioxidants react with lipid peroxides through non-radical processes like reduction or 
hydrogen donation and convert them into stable end products like alcohols. Sulfur, 
thiols, sulfides, and disulphides act as preventive antioxidants by inhibiting 
autoxidation. Thiols (RSH) such as cysteine and gluthathione, sulphides (R-S-R) such 
as methionine and 3,3’-thiodipropionic acid and free amine groups of proteins (R-NH2) 
react with lipid peroxides (LOOH) and form stable products as given by Equations 1.9 
to Equation 1.11 (Yanishlieva-Maslarova, 2001). 
 
RSH + LOOH   →   R-S-S-R + LOH + H2O                                              (Equation 1.9) 
 
R-S-R + LOOH → R-SO-R + LOH                                                          (Equation 1.10) 
 
R-NH2 + LOOH → R-N (OH) L + H2O                                                    (Equation 1.11) 
 
Carotenoids, like β - carotene, lycopene, zeaxanthin, lutein, and canthaxanthin quenche 
singlet oxygen (Foote and Denny, 1968). The process involves energy transfer from 
singlet oxygen (1O2) to carotenoid molecule (Car) resulting in the formation of triplet 
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state carotenoid (3Car*), which will revert to its original state as it can transfer excess 
energy to the solvent (Equation 1.12 and Equation 1.13) (Stahl and Sies, 1993). 
 
1O2 + Car → 3O2 + 3Car*                                                                          (Equation 1.12) 
 
3Car*  →  Car + thermal energy                                                                (Equation 1.13) 
 
Secondary antioxidants are different from chain-breaking antioxidants in that they react 
with lipid hydroperoxides and form stable products thereby inhibiting lipid 
hydroperoxides from further decomposing into peroxy or alkoxy or hydroxy radicals. 
While chain-breaking antioxidants react with radicals and donate an electron or 
hydrogen atom to reduce the radicals, secondary antioxidants are not involved in 
reaction with radicals or donation of electrons.  
 
1.4.3 Synergistic antioxidants 
 
Synergistic antioxidants are those, which coordinate or help in the reactivation of primary 
antioxidants or inhibit such reactions as lipid peroxidations, thereby preventing primary 
antioxidants from depletion. Ascorbic acid regenerates tocopherols by donating a proton 
(Figure 1.12). The metal ions initiate the formation of radicals that are responsible for the 
chain reactions in lipids. The metal chelators like citric and phytic acids (inositol 
hexaphosphate) coordinate with metal ions to form a stable complex. The chelated metal 
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ions do not show pro-oxidant properties. Thus, metal chelators prevent the homolytic 
cleavage of hydroperoxides that produce radicals (Yanishlieva-Maslarova, 2001). 
   
 
 
Figure 1.12 Shows the synergism between vitamin C and vitamin E in relation to 
Thioredoxin reductase (TrxR). Vitamin E is oxidised to vitamin E semiquinone on 
reaction with radicals which, can be reduced back to vitamin E by ascorbic acid (Babior, 
1997, Packer et al., 1979, Mukai et al., 1989). Two ascorbyl radicals formed in the 
reaction dismutate to one molecule of ascorbic acid and one molecule of dehydroascorbic 
acid by TrxR (May et al., 1997, May et al., 1998). 
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1.5 Some important cellular antioxidants and low molecular weight antioxidants  
 
Cellular antioxidants are divided into enzymatic antioxidants such as superoxide 
dismutase, catalases etc. and non-enzymatic antioxidants which include antioxidants 
such as vitamin C and vitamin E.  
 
Superoxide dismutase (SOD) metabolizes superoxide radicals to hydrogen peroxide by 
two metal containing SOD isoenzymes (Yost and Fridovich, 1973). In this reaction that 
is catalyzed by SOD, two molecules of superoxide form hydrogen peroxide and 
molecular oxygen (Equation 1.14). Superoxide reductases (SOR) catalyze the reduction 
of superoxide (Equation 1.15) and this is found in sulfate-reducing bacteria (Lombard 
et al., 2000).  
 
2O2 + 2H+              H2O2 + O2                                                                   (Equation 1.14) 
 
O2 + e- + 2H+            H2O2                                                                        (Equation 1.15)  
 
Catalases present in many organisms are heme-containing enzymes. They catalyze the 
dismutation of hydrogen peroxide to water and molecular oxygen (Equation 1.16) 
(Aebi, 1974). It functions in detoxifying different substrates, e.g. phenols and alcohols, 
via coupled reduction of hydrogen peroxide (Equation 1.17). Thus it prevents the 
formation of hydroxyl radicals from H2O2 (Jonas and Elias, 2001). Peroxiredoxins (Prx; 
thioredoxin peroxidases) are enzymes capable of directly reducing peroxides e.g. 
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hydrogen peroxide and different alkyl hydroperoxides (Chae et al., 1999, Chae et al., 
1999,  Butterfield et al., 1999).  
 
2H2O2               O2 + 2H2O                                                                       (Equation 1.16) 
 
H2O2 + R’H2             R’ + 2H2O                                                               (Equation 1.17) 
 
In mammals glutathione peroxidases (GPx) are available in four variants that catalyze 
the reduction of H2O2 using glutathione as substrate. Other peroxides such as lipid 
peroxides are reduced by GPx to alcohol (Equation 1.18) (Ursini et al., 1995, Epp et al., 
1983). 
 
ROOH + 2 GSH                ROH + GSSG + H2O                                      (Equation 1.18) 
 
Glutathione (GSH) is a thiol containing antioxidant. Its functions are to act as a 
sulfhydryl buffer, to convert compounds either via conjugation reactions catalyzed by 
glutathione S- transferases or directly as in the case of hydrogen peroxide in GPx 
catalyzed reaction (Armstrong, 1997; van Blanderen, 2000). 
 
The prominent low molecular weight compounds that act as antioxidants are vitamin C, 
vitamin E, different selenium compounds, lipoic acid, and ubiquinones. Carotenoids 
and polyphenols are also very important antioxidants. 
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Vitamin C is a very important antioxidant and it is present in several fruits and 
vegetables. Water soluble ascorbate is a very important antioxidant in human plasma 
and cell membranes (May, 1999; Frei et al., 1990). It reduces -tocopherols, peroxides, 
and ROS such as superoxides (Buettner, 1993). It prevents lipid peroxidation, and also 
prevents LDL oxidation. It is helpful in prevention of formation of atherosclerotic 
plaque (Sies et al., 1999; Chopra and Thurnham, 1999). Inside the cell, ascorbate and 
GSH act in a synergistic fashion to protect the cell from oxidation (Meister, 1995). 
 
1.6 Methods of measuring the total antioxidant capacity 
 
Several methods, such as ABTS (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonate) 
radical cation scavenging assay, and DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
scavenging assay, which measure the radical scavenging ability of antioxidants, FRAP 
(Ferric reducing /antioxidant power) assay that measures the reducing power of 
antioxidants and many others can be used to determine the total antioxidant capacity 
(TAC) of an antioxidant or a mixture of antioxidants.  
 
1.6.1 ABTS radical cation scavenging assay       
 
ABTS radical cation scavenging assay is a generally used method for the determination 
of total antioxidant capacity. This method involves the generation of ABTS radical cation 
(ABTS•+) by oxidation. The spectrum of ABTS shows two peaks i.e. at 224 and 346 nm 
as shown in Figure 1.13. 
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                            Figure 1.13 Spectrum of ABTS dissolved in ethanol 
 
ABTS is oxidized to ABTS•+ using oxidizing agents such as potassium persulfate (Figure 
1.14), manganese oxide or H2O2 in the presence of peroxidase enzyme. 
 

























                      ABTS                                                                                 ABTS•+ 
 
 
   Figure 1.14 Formation of ABTS radical cation on oxidation by potassium persulfate 
 
ABTS•+ dissolves in ethanol and is green-blue in colour. It has characteristic absorption 
maxima at 410, 668, and 752 nm as shown in Figure 1.15. 














Figure 1.15 Spectrum of ABTS•+ dissolved in ethanol 
 
The absorbance is usually taken at 734 nm for ABTS•+. From the Figure 1.15, it is found 
that ABTS•+ has a long absorption band between 668 and 752 nm. So the absorption at 
730 nm can be used to monitor the antioxidant-ABTS•+ reaction, as this falls in the long 





















Figure 1.16 Typical curve showing the drop in absorbance of ABTS radical 
solution on addition of antioxidant 
 
In ABTS assay, a sample containing antioxidants is added to initially prepared ABTS•+ 
radical solution, which has absorbance at 730 nm. Antioxidants donate electrons to 
ABTS•+ (Wolfenden and Willson, 1982) to form ABTS that does not absorb at 734 nm 
leading to the decrease in absorbance. The drop in absorbance at 730 nm is directly 
proportional to the amount of ABTS•+ converted into ABTS, and this depends on the 
antioxidant capacity of the sample. Figure 1.16 shows a typical decay curve of ABTS 
radical solution on addition of antioxidants. The change in the absorbance i.e. the 
difference between initial absorbance (A I 730) and final absorbance (A F 730) is used to 
calculate the total antioxidant capacity of the sample (Figure 1.16). For slow reactions, 
the final absorbance is taken at a time when the decrease in absorbance in a specific time 
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example, as shown in Figure 1.16 the decrease in absorbance between 20 and 25 min is 
less than 2% compared with the decrease in absorbance between 15 and 20 min. 
 
TAC of plant extracts can be expressed in weight equivalents of known antioxidants 
such as vitamin C, vitamin E etc by comparing their scavenging abilities with that of 
plant extracts.  
 
1.6.2 DPPH radical scavenging assay 
 
DPPH radical scavenging assay is another method that is used widely for the 
determination of TAC. DPPH radical (DPPH•) is stable (Deby and Magottease, 1970) 
and easily soluble in organic solvents like methanol. DPPH• has absorption maxima at 






      
 
          
Figure 1.17 Spectrum of DPPH radical solution in methanol 
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The principle is the same as that of ABTS radical scavenging assay. The antioxidants 
(AH) reduce DPPH• into DPPHH (Equation 1.19) that has absorption maxima at 330 
nm as shown in Figure 1.18. This reaction brings change in colour, from violet to 
yellow and TAC can be measured by monitoring the decrease in absorbance at 514 nm 
(Brand-Williams et al., 1995; Ancerewick et al., 1998). 
 
DPPH•+ AH  → DPPHH + A•                                                                   (Equation 1.19) 
 
Where A• represents the antioxidant radical 
 
                   
Figure 1.18 Spectrum of DPPHH in methanol 
 
 The structures of DPPH• and DPPHH are shown in Figure 1.19 (Ancerewick et al., 
1998). 
330 























                    DPPH•                                                                                    DPPH-H 
             Figure 1.19 Structures of DPPH• radical and DPPH-H 
 
1.6.3 Ferric Reducing / Antioxidant Power 
 
Ferric Reducing / Antioxidant Power method developed by Iris and Strain (1996) 
involves the preparation of a solution, containing Fe3+-TPTZ complex in acetate buffer. 


















Figure 1.20 Spectrum of Fe3+-TPTZ complex 
286 
246 
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When a sample containing antioxidants is added to FRAP reagent the Fe3+-TPTZ 
complex is reduced to Fe2+-TPTZ. The spectrum of Fe2+-TPTZ has absorbance maxima 
















                                 Figure 1.21 Spectrum of Fe2+-TPTZ complex 
 
The reaction involves the donation of an electron from an antioxidant (AH) to Fe3+-
TPTZ complex and thereby reducing it into ferrous form (Equation 1.20), which is blue 
in colour. The increase in absorbance at 593 nm is monitored to find out the reducing 
ability of the sample (Iris and Strain, 1996). The change in absorbance is proportional 
to the total ferric reducing / antioxidant power. This is generally expressed in trolox 
equivalents. 
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1.6.4 Oxygen Radical Absorption Capacity 
 
In this assay, 2, 2’-azobis (2-amidino-propane) dihydrochloride (AAPH) radicals are 
produced by the loss of nitrogen. AAPH radicals so formed react with oxygen (O2) and 
this reaction results in the formation of stable peroxy radicals (ROO•) (Figure 1.22).  
 



























                      
N2
                   








Figure 1.22 Decomposition of AAPH in the presence of oxygen to give peroxy 
radicals (Krasowska et al., 2000).  
 
Peroxy radicals (Figure 1.22) react with fluorescein (FL-H) causing loss of 
fluorescence (Equation 1.21). In the presence of biological antioxidants (AH), the 
peroxy radicals are scavenged thus protecting FL-H (Equation 1.22). Therefore, the loss 
of fluorescence is less. The loss in fluorescence is monitored using spectrofluorometer. 
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Figure 1.23 The graph showing the change in fluorescence without and with 
sample (http://www.uoguelph.ca/~ckay/phytoblue/orac_info.html) 
 
Figure 1.23 shows that when there is no sample containing antioxidant i.e. the blank, 
the drop in fluorescence is rapid, compared with the one obtained from sample. This 
assay is usually carried until the fluorescence falls to zero. A graph, as shown in Figure 
1.23, is plotted between the fluorescence intensity and time. The area under the curve is 
proportional to the total antioxidant capacity of a particular sample. The difference in 
areas obtained without and with the addition of sample (Asample – Ablank) is used for 
determination of antioxidant capacity of a sample. Finally, the results are compared 
with a standard known antioxidant and expressed in its equivalents (Glazer, 1990; Ou et 
al., 2002). 
 
ROO• + FL-H →  ROOH + FL•                                                               (Equation 1.21) 
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ROO• + A-H → ROOH + A•                                                                   (Equation 1.22) 
 
1.6.5 Total Radical Trapping Antioxidant Parameter (TRAP) method  
 
The method involves the generation of peroxy radicals by thermal decomposition of 2,2’-
azobis-(2-amidino propane) dihydrochloride (ABAP) which oxidize and damages R-
pycoerythrin (R-PE), a fluorescent substance, thereby resulting in decrease of 
fluorescence. Figure 1.24 (A) shows a linear decrease in R-PE fluorescence over a period 
of one hour. However, when a biological sample such as plasma is added, the 
antioxidants present in it completely protects R-PE from damage up to a certain period of 
time called lag time (T) [Figure 1.24 (B)] (Ghiselli et al., 1995). 
 
 
Figure 1.24 (A) Graph showing the decrease in fluorescence of R-PE over time 
(B) Protection of R-PE by sample for a certain period called lag time  
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A straight line perpendicular to the X-axis and passing through the point of intersection of 
the slope of the maximum R-PE peroxidation (SMP) and slopes of sample and trolox 
protection gives the value of T as given in Figure 1.25.  
 
 
Figure 1.25 A typical graph used in the calculation of TRAP value by monitoring 
peroxidation reaction of a sample (plasma) and trolox (Ghiselli et al., 1995) 
 
Quantification of TRAP is done by comparing T obtained from sample (TAH) with that 
obtained from known amount of Trolox (TTrolox). The TRAP is calculated by using 
Equation 1.23.  
 
TRAP = 2 x d x 
TroloxT
Trolox][
 x TAH                                                                                                  (Equation 1.23) 
 
 
TRAP is usually expressed in µmol/ L, 2 is the stoichiometric factor of trolox, [Trolox] is 
concentration of trolox in µmol/ L and d is the dilution factor (Ghiselli et al., 1995). 
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1.7 Pitfalls in the determination of total antioxidant capacity by various methods 
 
Even though, all of the methods given above are widely used for the determination of 
total antioxidant capacity, there are several pitfalls in these methods. ABTS, DPPH, 
FRAP assay etc used for the determination of antioxidant capacity of antioxidants are in 
vitro assays and may not represent true in vivo behavior of antioxidants. 
  
ABTS assay is simple and requires simple instrumentation i.e. UV-Visible spectrometer. 
But ABTS assay has the following disadvantages (Arts et al., 2003). 
 
1. The Trolox Equivalent Antioxidant Capacity (TEAC) of flavonoids (chrysin and 
galangin) determined by ABTS assay did not correlate well with their antioxidant 
activity. This discrepancy is due to the fact that not only antioxidants but their in vivo 
reaction products also contribute to the antioxidant capacity. 
 
2. TEAC assay cannot be used for the construction of structure activity relationships for 
certain antioxidants because of the contribution of reaction products to the TEAC value. 
 
3. It was believed that antioxidant activity of flavonoids depends on the number of free 
OH groups (Cao et al., 1997). However, in the case of catechol, resorcinol and 
hydroquinone this is not followed. 
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4. Even though TEAC value by ABTS assay can be used for the determination of 
antioxidant capacity of complex mixtures, there can be various interactions between the 
antioxidants and the sample matrix, which results in the determination of false 
antioxidant values. 
 
DPPH radicals used in the DPPH assay react more slowly with antioxidants compared 
with ABTS assay (Naik et al., 2003). So the DPPH assay is time consuming compared 
with ABTS assay. 
 
FRAP assay has the following disadvantages (Ou et al., 2002) 
 
1. It was found that the redox potential of Fe (III) / Fe (II) is 0.77 V. So any compound 
having redox potential lower than this can reduce Fe (III) to Fe (II) resulting in a false 
and high FRAP value. 
 
2. Some antioxidant compounds such as polyphenols and thiol compounds reduce Fe (III) 
very slowly and the reaction does not reach steady state even after several hours of 
reaction. For such reactions this method is practically useless. 
 
3. Some compounds such as bilirubin gives false high FRAP value as its oxidized product 
beliverdin absorbs strongly at 593 nm, the absorption maxima of Fe(TPTZ)2(II). Similar 
interference in the case of coloured vegetables extracts can occur. 
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4. In FRAP assay the reagent used has a pH of 3.6. At this pH one electron transfer from 
antioxidant to the ferric ion is significantly inhibited. 
 
ORAC and TRAP assays though easy, and sensitive, are time consuming and use 
fluorescence detector.  
 
In spite of some pitfalls ABTS, DPPH, and FRAP assays are widely used for the 
determination of antioxidant capacity compared with other methods available for this 
purpose. This is due to the simplicity and fair accuracy in their determinations. 
 
1.8 HPLC for the identification of antioxidant compounds 
 
HPLC (High Performance Liquid Chromatography) is a modern technique in which 
different compounds or components of a sample are separated by passing a mobile 
phase through a column, which is called a stationary phase. The separation is based on 
the difference in the affinities of stationary phase packing material towards various 
components in the sample. Based on the stationary phase packing material used, HPLC 
is divided into normal and reverse phase. In normal phase HPLC, the stationary phase is 
relatively polar in nature (silica) and the mobile phase is non-polar such as hexane. This 
is generally used for the separation of non-polar molecules. In reverse phase HPLC, 
usually polar solvents are used as mobile phases. In this method, the stationary phase is 
made of a non-polar material (e.g. C18 column) and the separation is based on the 
hydrophobic interaction between the compounds and the stationary phase. This is 
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generally used for the separation of polar molecules, which are readily soluble in water. 
Many of the natural products such as fruits, vegetables, and herbs contain phenolic and 
other compounds that act as antioxidants and are soluble in water. This is the main 
reason for the use of reverse phase HPLC with non-polar C18 stationary phase in the 
separation and identification of many antioxidants from natural products. 
 
The majority of antioxidant compounds in plants are flavonoids and polyphenols, which 
are polar and readily soluble in water. Therefore, the separation of these compounds is 
usually done by reverse phase HPLC with a C-18 column with a guard column. A guard 
column is used to protect the reverse phase C-18 column from blockage by the 
impurities present in the sample or solvents. Polystyrene divinylbenzene can also be 
used as solid phases for the separation. The mobile phases that are generally used for 
this separation are acidic aqueous methanol mixture or acidic aqueous acetonitrile 
mixture. UV-Visible, photodiode array, coulometric electrode array and HPLC/MS 
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1.9 Overview of petai 
 
1.9.1 Introduction to petai 
 
 
                                          
                                          Figure 1.26 Photograph of fresh petai  
 
Parkia speciosa is known in different countries of south East Asia with different names 
such as petai in Malaysia, sataw in Thailand, nejirefusamame in Japan. The trees of 
Parkia speciosa grow in northern part of Malaysia and in southern part of Thailand and 
Indonesia. They are huge, 10-15 m in height, grow in forests and belong to the family of 
Leguminosae. The pods are twisted and have 10-18 seeds (Figure 1.26) (Mitsuo and 
Osman, 2001). The seeds of petai are flattened, elliptical in shape and about 2 cm in 
length. The texture of seeds is nutty and firm (Bautista et al., 1988). Petai is a common 
vegetable in Thailand, Indonesia and Malaysia (Mitsuo and Fitriyah, 2001). In some 
markets they are sold fresh as bunches of twisted strap-shaped pods, while in others they 
Petai pod (outer layer) 
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are available as pods or loose seeds, either fresh or canned (Helen and Fortune, 1993). 
The seeds as well as pods are eaten. The pods are considered as appetisers (Mohamed et 
al., 1987). The seeds and pods are cooked or eaten raw (Mohamed et al., 1987). Petai is 
often cooked in stews and curries, sautéed with meat, prawns and curry paste or roasted 
(Bausista et al., 1988; Helen and Fortune, 1993). It has strong, distinctive, slightly 
bitter, pungent odour and flavour.  The odour is somewhat similar to garlic or bad 
onions (Heyne, 1927; Burkill, 1966). Once eaten, the body excretes a distinct smell 
through skin, urine and faeces (Burkill, 1966; Mohamed et al., 1987).   
 
1.9.2 Composition of petai 
 
Seeds of petai are found to contain amino acids such as lysine, aspartine, glucine, alanine, 
valine and leucine (Suvachittanant and Pothirakit, 1988). Amino acids are very important 
as they combine to form proteins and have a key role in the proper functioning of the 
central nervous system. Suvachittanant and Pothirakit (1988) found that petai has 8-9% 
protein in its fresh weight. Proteins perform important functions in the body such as 
stimulating antibodies production, helping in the formation of tissue and regulating water 
and acid-base balance in the body. Mohamed et al. (1987) found the carbohydrate content 
in petai was 13 g / 100 g. Carbohydrates provide energy to the body especially to the 
muscles and nervous systems. 
 
Parkia speciosa is found to be rich in important minerals such as calcium, phosphorous, 
potassium, magnesium, and manganese (Mohamed et al., 1987). Calcium gives strength 
to bones and teeth. It helps in muscle contraction, enzyme reactions and cellular 
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communications. Phosphorus has an important function in cell metabolism and 
transportation process. Energy in body is stored in the form of adenosine triphosphate 
(ATP) that is used as fuel for many biological processes. Potassium helps in energy 
metabolism and in the synthesis of proteins and glycogen.  Magnesium is useful in the 
synthesis of proteins and nuceic acids. Manganese activates several enzymes that are 
involved in lipid, protein and carbohydrate metabolism. Mohamed et al. (1987) found 
ascorbic acid, an important antioxidant to be present in petai. 
 
 
Smell of petai suggests it has sulfur containing compounds (Suvachittanont et al., 
1996). Strong and unpleasant smell of Parkia speciosa is due to hydrogen sulphide and 
cyclic polysulphides like 1,2,4-trithilane, 1,2,4,5-tetrathiane and 1,3,5-trithiane (Mitsuo 
and Fitriyah, 2001). Polysulfides such as methanedithiol.1,2,3-trithiolane, 1,2,4,6-
tetrathiepane, 1,2,3,5,6-pentathiepane (lenthionine) and 1,2,3,4,5,7,8-hexathionane are 
established to be present in Parkia speciosa (Gmelin et al., 1981). Hydrogen sulphide, 
ethanol, 1,2,4-trithiolane and acetaldehyde are the main compounds detected by 
analysis using GC and GC-MS from headspace of Parkia speciosa seeds (Mitsuo and 
Osman., 2001).  
 
1.9.3 Medicinal properties of petai 
 
Kidneys are very important organs in the human body. The important functions of the 
kidney are, to eliminate toxic and waste products and excess water from the body, and to 
maintain the balance of various salts such as sodium, potassium, calcium, phosphate as 
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well as acid in the body (http://www.metalline.com/epage1.htm). Bacterium Escherichia 
coli (E.coli) or other bacteria are responsible for kidney infections. The infection starts in 
the bladder and spreads to the kidneys. Kidney infections are serious and can cause 
swelling and inflammation, if left untreated can cause permanent kidney damage and lead 
to chronic kidney diseases (http://www.lebanonhealth.com/condi/389.htm). Plants such 
as those belonging to genus Phyllanthus (Euphorbiaceae) and Milk thistle (Silybum 
marianum) are used to treat kidney diseases (Calixto et al., 1998; Giese, 2001). Parkia 
speciosa is used in traditional medicine for kidney, ureter and urinary bladder infections 
(Gmelin et al., 1981).  
 
The human liver performs over 500 functions, such as processing digested food from the 
intestine, controlling fats, amino acids, and glucose levels in the blood and protection 
against infections in the body. Some of the most important functions of liver include 
suppling energy by breaking down food, converting glycogen stored in liver back into 
glucose when the body needs energy in an emergency and removing the waste products 
in blood, which are not excreted by the kidney. The liver protects the body from 
infections especially those arising in the bowel by body’s defence mechanism called the 
macrophage system. Liver damage impairs its ability to fight against infections 
(www.britishlivertrust.org.uk). Plant extracts of Pavetta Indica, Osbeckia octandra, and 
Melothria maderas patane show liver protecting abilities (Thabrew et al., 1987; Thabrew 
et al., 1988). Thiazolidine carboxylic acid (TCA) is found to protect the liver of rats 
against paracetamol toxicity (Strubelt et al., 1974) possibly by repletion of glutathione in 
liver. TCA, a cyclic sulfur containing amino acid in petai is found to protect the liver 
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from various toxic agents (Peres and Dumas, 1972; Strubelt et al., 1974; Siegeres et al., 
1978).         
 
Bacteria such as Salomonella enterica var typhi, Vibrio cholerae, Halicobater pylori and 
Campylobacter jejune causes typhoid fever, cholera, stomach ulcers, and gastro intestinal 
upsets respectively. Apart from these bacteria, several bacteria are responsible for many 
other diseases. Antibacterial agents inhibit bacterial cell growth. They protect humans 
from several diseases. Antibacterial agents include antibiotics, the chemical substances 
such as tetracycline, gentamicin that are secreted by microorganisms, semi-synthetic 
antibiotics, those obtained by chemical modification of natural antibiotics, and drugs such 
as sulphate drugs (http://mededucation.bjmu.edu.cu/ed10.htm). Skullcap plant 
(Scutellaria baicalensis Georgi), Persea americana, Psidium guajave and Anacardium 
were found to have antibacterial properties (Martin et al., 2002; Leon et al., 2001). Seeds 
of petai have antibacterial cyclic polysulfides, (Gmelin et al., 1981; Fathaiya et al., 1995) 
which shows antibacterial activity. 
 
Diabeties results from the body’s inability to produce or properly use insulin. Insulin 
converts sugar, starches, and other food into energy. There are two types of diabeties. 
Type 1 diabetes results when the body fails to produce insulin. In type 2 diabetes, the 
body cannot produce enough insulin required or the cells become insensitive to insulin. 
Blood sugar levels in type 2 diabetes can be controlled with proper diet and exercise 
(www.diabetes.org/main/application/commercewf). Plants such as Viscum album and 
Salacia are found to show anti-diabetic effect (Yoshikawa, 2002; Gray and Flatt, 1999). 
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It is believed that Parkia speciosa (both seeds and green pericarp) has anti-diabetic effect 
(Suvachittanont and Pothirakit, 1988).  
 
Cancer is caused due to the uncontrolled growth of cells. The main reason for cancer is 
damage to DNA of the cell and this leads to mutations in the DNA. The constituents 
extracted form Simarouba versicolor plant and Tabernaemontana holstii roots show 
anticancer properties (Ghosh et al., 1977; Kingston et al., 1977). TCA (thiozolidine-4-
carboxylic acid), an N-nitroso compound trapping agent, is a cyclic sulphur compound 
containing amino acid (Figure 1.27). It prevents cell damage from carcinogenic 
substances (Tsuda et al., 1988; Tsuda and Kuashima, 1991; Suvachittanont et al. 1996). 
The anti-cancer properties of TCA have been clinically proven (Burgarolas and Gosalvez, 
1980).  
 
1.10 Objectives   
 
There are many fruits and vegetables which are specific to South East Asia. The 
antioxidant properties of many of them were found. Leong & Shui (2002) studied the 
antioxidant activities of 27 fruits of this region. Petai is avidly liked by people of this 
region. It is found to have many medicinal properties, and traditionally used as an anti 
diabetic. But there is a lack of information regarding its antioxidant nature. The primary 
objective of this study is to determine the antioxidant capacity using several methods, 
find out its phenolic content and to identify potential antioxidant compounds using 
HPLC. 
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The objectives of the project are given below 
 
1. Determination of optimal parameters for the extraction of antioxidant compounds from 
petai. Optimal extraction parameters are determined by comparing the antioxidant 
capacity of a sample when parameters such as temperature, duration of irradiation and 
shaking time are changed. Applying the optimal parameters for extraction of antioxidants 
present in plant extracts such as petai helps in the complete extraction of antioxidant 
compounds and in the determination of correct total antioxidant capacity of the sample. 
  
2. Assessment of the total antioxidant capacity of petai using ABTS, DPPH and FRAP 
method. These methods are widely used methods for the determination of total 
antioxidant capacity. Determination of total antioxidant capacity of a food extract helps 
in finding out its applicability as an antioxidant diet supplement. 
                                                                                                                                                 
3. Determination of total phenolic and thiol contents of petai using Folin and Ellman’s 
assay respectively. Phenolic and thiol compounds are antioxidants. Finding out the total 
phenolic and thiol content gives some information about the contribution of these 
compounds to the total antioxidant capacity of petai. 
4. To quantify vitamin C present in petai and determine its contribution to the total 
antioxidant capacity of petai as compared with other components. Vitamin C is an 
important antioxidant. Determination of the exact amount of it helps in assessing the 
importance of petai as source of ascorbic acid. 
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5. Identification of antioxidant peaks in petai extract after separation using HPLC based 
on the reaction of antioxidant compounds with ABTS and DPPH radicals. This is an 
important step to know the antioxidants in complex mixtures of antioxidant compounds 
such as plant extracts before they can be separated and identified. 
 
6. To find out the optimal solvent system to be used as mobile phase in HPLC for the 
separation of antioxidant compounds in petai. The antioxidant compounds can be well 
separated by reverse phase HPLC using a specific solvent or solvent combination. 
Determining this helps in the better separation and quantification of various antioxidant 
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2.   MATERIALS AND METHODS  
 
 
2.1 Materials  
 
2.1.1 Petai  
 
Petai seeds and pods were purchased from different local shops and supermarkets (West 
Coast market, Pasir Panjang; Shop and Save, Bukit Batok; Shop and Save, Paya Lebar 




2,4,6-Tripyridyl-s-triazine (TPTZ), 5,5`-dithio-bis (2- nitro benzoic acid), NaH2PO4, 
EDTA, NaOH, FeCl36H2O, sodium acetate trihydrate, L-ascorbic acid, potassium 
persulfate, cysteine, 2,2’-azinobis(3-ethylbenzothiazoline)-6-sulfonate (ABTS), 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and gallic acid were purchased from Sigma Chemical 
Co. (MO, USA). Ethyl alcohol, glycine, acetone and HCl were obtained from Hayman 
Limited (England).  Methanol was from Fisher Scientific UK Limited (UK). Sulfuric acid 
was from BDH (Poole, England). Folin-Coicalteu reagent, glacial acetic acid and sodium 
carbonate decahydrate were from Merck (Darmstadt, Germany). 
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2.1.3 Equipment 
 
UV/Visible spectrophotometer (Pharmacia Biotech Ltd., Cambridge CB4 4FJ, 
England), microwave digestion system (CEM, MARS 5, Matthews, NC 28106-0200 
U.S.A), HPLC system [Shimadzu class LC-VP HPLC system with class LC-VP 
software, a pump (LC-10A Tvp), an autosampler (SIL-10Advp), a diode-array detector 
(SPD-M10Avp) and a C-18 column (Shim-pack VP-ODS column, 250 x 4.6 mm i.d.) 
with a guard column (GVP-ODS, 10 x 4.6 mm i.d., Shimadzu, Kyoto, Japan)], Finnigan 
MAT Spectra System containing P4000 pump, UV6000LP diode array detector, 
TSP4000 HPLC system and Finnigan LCQ mass spectrometer, HPLC (Preparative) 
system (Waters 600E) equipped with Waters 486 tuneable absorbance UV detector 
(Waters, Milford, MA, U.S.A.), semi-preparative column (Shim-pack, PRC-ODS (H), 




2.2.1 Pre-treatment of petai seeds and pods for further analysis 
 
Petai seeds and pods were tightly packed in plastic bags to minimize the oxidation of 
antioxidants by the exposure to the air and stored at 5 °C until they were used. They 
were cleaned with water and blended using BRAUN 250W blender to obtain a 
homogenate before any analysis. 
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2.2.1.1 Extraction procedure for TAC analysis 
 
The homogenates of petai seeds and pods were weighed (1 g and 0.0625 g respectively) 
into 20 ml glass bottles and 10 ml of 30 % ethanol was added. The mixtures were 
heated at 80 C for 45 min and cooled to room temperature before filtering using 
Whatman 150mm qualitative filter paper. Extracts obtained were stored in air tight 
bottles and kept at 5 C. They were brought to room temperature before they were 
analyzed using ABTS, DPPH, FRAP, Folin and Ellman’s assays. 
 
2.2.1.2 Extraction procedure for Vitamin C analysis in petai seeds and pods 
 
The extraction procedure for analysis of vitamin C was the same as mentioned in Section 
2.2.1.1 except that 20 ml of 30 % ethanol was added to 1 g of petai seed or 0.625 g of 
petai pod homogenate instead of 10 ml. The extract was filtered again using 0.45 µm 
membrane filter and injected into HPLC for the determination of vitamin C. 
 
2.2.1.3 Extraction procedure for antioxidant compounds and for collection of 
fractions  
 
Petai seed homogenate (60 g) with 20 mg of vitamin C was added to 200 ml of 30 % 
ethanol solution and heated at 80 °C for 45 min. The extract obtained after heating is 
filtered using filter paper and the filtrate was evaporated using rotoevaporator maintained 
at 34 °C at low pressure. The yellow oily portion obtained after evaporation of solvent 
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from seed filtrate was dissolved in 5ml of aqueous sulfuric acid and kept in the dark at 5 
°C for 24-hrs for hydrolysis of flavonoid glycosides. Five millilitre of HPLC grade 
methanol was added to the hydrolyzed sample and filtered using 0.45 µm membrane 
filter. The filtrate was directly injected into HPLC to identify antioxidant compounds or 
for collection of important fractions from seed filtrate. 
 
2.2.1.4 Extraction procedure for analysis of compounds in petai seeds and pods 
using LC-MS 
 
Five grams of petai seed homogenate or 1g of pod homogenate was dissolved in 20 ml of 
30 % ethanol. The contents were heated to 80 ºC for 45 min, then cooled and filtered 
using filter paper. The filtrate was passed through 0.45 µm membrane filter. The filtrate 
so obtained was used for the LC-MS analysis. 
 
2.2.2 Optimization of extraction parameters  
 
The homogenates of petai seeds and pods were weighed into 20 ml bottles. Different 
ratios of solvents (ethanol and acetone) to water as summarized in Table 2.1 and pure 
solvents (water, ethanol and acetone) were added (1:10 w/v) to the homogenate. The 
extracts were filtered and the filtrates were used for analysis. The TAC was determined 
using ABTS assay to compare the extraction efficiencies of different solvent systems. 
 
 
  52 
Table 2.1 Different solvent systems in different ratios used in the experiment 
  Solutions Ratios 
Water: ethanol 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1     
Water: acetone 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1     
 
The extractions were improved by shaking the homogenate after addition of solvent. 
The best extraction parameter was chosen by heating the homogenate for different time 
periods (15, 30, 45 and 60 min) at different temperatures (R.T., 30, 40, 50, 60, 70, 80 
and 90 C). Extraction using a closed vessel microwave digestion system at 50 C for 
different time periods (15, 30, 45 and 60 min) was also performed. The optimal 
conditions among the different extraction modules for extraction were found by 
comparing TAC using ABTS assay. 
 
2.2.3 Methods for determination of TAC 
 
2.2.3.1 ABTS Assay  
 
The improved ABTS+ radical assay was used for analysis (Shui and Leong, 2002). ABTS 
(7.4 mM) was reacted with 2.6 mM of potassium persulfate and kept in the dark for 18 
hrs to generate ABTS+ radical solution. The final ABTS•+ solution used for assay was 
appropriately diluted with neutralalised absolute alcohol to give absorbance of about 1.4 
at 730 nm. Twenty microlitres of petai seed or pod extract was added to 2 ml of the 
ABTS•+ solution and the drop in absorbance after 30 min at 730 nm was monitored to 
measure total antioxidant capacity. TAC was expressed as mg of gallic acid equivalents 
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(GAE) or Ascorbic acid equivalent antioxidant capacity (AEAC) per 100 g of petai 
homogenate. Calibration graph was plotted with different concentrations of gallic acid / 
ascorbic acid and was used for determining AEAC or GAE. GAE / AEAC was calculated 
using the Equation 2.1. 
  





 x CGA/AA x V x W
100




Where A is the change in absorbance after addition of sample extract, AGA/AA is the 
change of absorbance from calibration curve when same amount of GA / AA standard 
solution as that of sample extract was added, CGA / AA is the concentration of gallic acid / 
Ascorbic acid (mg / ml), V is the volume of filtrate (ml) and W is the weight of 
homogenate used for extraction (g). 
 
2.2.3.2 DPPH Assay 
 
 
The method developed by Brand-Williams et al. (1995) was used with some changes. 
DPPH• was dissolved in methanol to obtain 0.1 mM solution. Twenty microlitres of petai 
seed or pod extract was added to 2 ml of this solution and was shaken well. The change 
in absorbance after 50 min was determined at 517 nm to measure the TAC. The results 
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2.2.3.3 FRAP Assay 
 
FRAP assay developed by Benzie and Strain (1996) was used for the estimation of TAC 
of petai pods and seeds. Sodium acetate trihydrate (3.1 g) was mixed with 16 ml glacial 
acetic acid and made to 1 litre with distilled water to make 300 mM of acetate buffer of 
pH 3.6. A 10 mM of TPTZ in 40 mM of HCl and 20 mM of FeCl36H2O were used for the 
assay. A working FRAP reagent was prepared by mixing the acetate buffer, 2,4,6-
tripyridyl-s-triazine and FeCl36H2O solutions in 10:1:1 ratio. Twenty microlitres of seed 
or pod extract was added to this, shaken well, and was incubated at 37 oC for 100 min. 
The increase in absorbance at 593 nm was monitored using spectrophotometer to measure 
the total reducing power or TAC.  The results were expressed in GAE / AEAC values. 
 
2.2.4 Folin-Ciocalteu assay for total phenolic content   
 
The total phenolic content was determined as described by Singleton et al. (1965) with 
slight changes. Folin–Ciocalteu reagent was diluted with water (1:10 v/v). Twenty 
microlitres of seed or pod extract of petai and 1.2 ml of sodium carbonate decahydrate 
(101.25 g / 500 ml) were added to 1.8 ml of diluted Folin-Ciocalteu reagent and shaken 
well. The change in absorbance at 765 nm after 1 hour was noted using 
spectrophotometer. The results were expressed as mg of gallic acid / ascorbic acid 
equivalents per 100 g petai seed or pod homogenate. 
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2.2.5 Total thiol content of petai using Ellman’s assay  
 
Total thiol content of petai was analyzed using the method followed by Innocent and 
Hermann (2001). Hundred microlitres of Ellman’s reagent [10 mM, 5,5’-dithio-bis (2- 
nitro benzoic acid) in buffer {100 mM NaH2PO4 in 0.2 mM EDTA adjusted to pH 7.0 
with NaOH}] and 100 µl of Petai seed or pod extracts was added to 3 ml of buffer (100 
mM NaH2PO4 in 0.2 mM EDTA and adjusted to pH 8.0 with NaOH). The increase in 
absorbance after 2 hours was noted at 412 nm. The total thiol content was expressed in 
moles / lit.   
 
The total thiol content is determined by using Equation 2.2. 
                                                   C = 
e
A
 x D                                                   (Equation 2.2)  
Where A is the absorbance at 412 nm, e is the molar extinction coefficient of DTNB 
solution, D is the dilution factor and C is the concentration of thiol groups present in 
sample.                                                                             
 
2.2.6 Identification of antioxidant compounds of petai seeds and pods using HPLC 
 
Filtrates (1ml) obtained from 2.2.1.3 were taken in to two separate 10 ml beakers and to 
one of them 2 ml of ABTS•+ solution from 2.2.3.1 was added. Two millilitres of 1 mM 
DPPH radical solution was added to the other beaker containing petai seed filtrate and 
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kept in dark for 4 hrs. A binary mode of separation with aqueous sulfuric acid (mobile 
phase A) and methanol (mobile phase B) were used as mobile phases for separation of 
seed extract. Mobile phase A at 0.35 ml / min was continuously run throughout the 
analysis and mobile phase B was linearly increased from zero to 0.45 ml / min from 15 
min to 75 min and the same flow rate was maintained for five more minutes. The 
temperature was maintained at 40 ºC (Shui and Leong, 2002). Aqueous acetic acid (2 %) 
(mobile phase A) and methanol (mobile phase B) were used for separation of pod extract 
with flow rate of 0.5 ml / min and a C-18 column maintained at room temperature. The 
gradient programme was as follows: isocratic 5 % B for 25 min, it reaches 10 % in 50 
min and to 95 % in 70 min and the same % B was maintained until 85 min.  
 
2.2.7 Determination of vitamin C of petai using HPLC 
 
Filtrates (20 µl) obtained from 2.2.1.2 was injected into the HPLC. Separation was 
carried out with 1 % acetic acid as the mobile phase with a flow rate of 0.45 ml / min at 
40 C. The presence of vitamin C was confirmed by spiking test and spectral 
confirmations. A 200 ppm standard solution was obtained by approximately dissolving 
20 mg of L-ascorbic acid in 100 ml of deionised water and resulting solution was diluted 
to obtain 100, 50 and 25 ppm standard solutions. A calibration graph was plotted with 
standard solutions of L-ascorbic acid. The concentration of vitamin C was expressed as 
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2.2.8 Analysis of compounds in petai seeds and pods using LC-MS 
 
 
The compounds present in petai seed and pod extracts were analysed using Finnigan 
MAT spectra system. The separation was performed at a flow rate of 0.6 ml / min using 
a C-18 column with a guard column maintained at room temperature. H2O (containing 
2 % AcOH) and MeOH were used as mobile phases A and B respectively. The gradient 
programme was used with isocratic flow at 95 % A for 15 min, then 80 % A in 20 min, 
at 35 min A % reaches 75 and finally it reaches 0 % in 85 min. The analysis was 
monitored at 254 nm and by ESI in the positive mode at a probe temperature of 250 ºC, 
probe voltage of 4.5 kV and at 70 eV in the mass analyzer. The data were processed 
with the Xcalibur 1.1 software. 
 
2.2.9 Analysis of important antioxidant fractions from seed extract 
 
A Waters HPLC system was used in this analysis. Petai seed extract was prepared as 
mentioned in Section 2.2.1.3. The separation was performed at room temperature using 
semi-preparative column at a flow rate of 4 ml / min. The gradient programme used 
consisted (A) 2 % aqueous acetic acid and (B) methanol, starting with 2 % B, it reaches 
10 % in 15 min, at 25 min the concentration of B was increased to 15 %, further to 35 % 
in 45 min and finally to 100 % in 70 min. Seven fractions were collected at different 
times for further analysis. The collected fractions were evaporated for further analysis. 
The antioxidant activities and phenolic contents of the fractions were determined using 
ABTS and Folin assays as described in Sections 2.2.3.1 and 2.2.4 respectively. 
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3. RESULTS AND DISCUSSION 
 
3.1 Determination of optimal conditions for extraction 
 
Plant extracts are composed of many antioxidant compounds. The main aim of this 
research however, is to isolate compounds showing antioxidant properties and analyse 
them. The first step of this process involves optimal extraction of antioxidants present 
from a sample. Antioxidant compounds may not always occur in free form. Some of 
these might be linked to other compounds such as glucose etc.  This makes extraction 
of these compounds not always simple and straightforward. 
 
Antioxidant capacity of a sample extract is generally proportional to the amount of 
antioxidants extracted. Thus the higher the quantity of antioxidants extracted into the 
solution, the higher is the antioxidant capacity. Total antioxidant activity expressed in 
suitable units can be used as a tool to compare extraction efficiencies of a biological 
sample, when different parameters that affect extraction are changed. In this research 
ABTS assay was used to determine the optimal parameters of extraction. It is among 
several methods generally used for the determination of antioxidant capacity of samples 
such as food extracts. There will be a drop in absorbance of ABTS+ radical solution on 
addition of antioxidants. TAC is measured based on this decrease in absorbance of 
ABTS+• solution and is usually expressed in AEAC units.  
  59 
y = 6.3453E-20x6 - 4.6918E-16x5 + 1.4245E-12x4 - 2.2926E-
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         Figure 3.1 Decay of ABTS+ radicals on addition of fresh petai seed extract 
 
Figure 3.1 shows the loss in absorbance of ABTS+ radical solution on reaction with petai 
extract. It was found that the reaction reaches a near steady state at around 1100 s. TAC 
of petai in AEAC units was found based on the change in absorbance at 730 nm (∆A730) 
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Figure 3.2 shows the rate of drop in absorbance on addition of petai extract to ABTS+ 
radicals. It was found that the rate was high for the first initial 100 seconds of the reaction 
and it decreases as the time increases. The rate of the reaction reaches almost steady state 















0 0.2 0.4 0.6 0.8 1 1.2
Amount of AA / mg
 
          Figure 3.3 Calibration curve of L-ascorbic acid with ABTS assay 
 
Figure 3.3 shows the change in absorbance of ABTS+ radical solution at 730 nm for 
various concentrations of L-ascorbic acid which is used to calculate AEAC value. The 
calibration curve obtained was found to have good correlation coefficient (R2) of 
0.9999. 
 
3.1.1 Determination of optimal solvent combination for extraction 
 
Different solvents / solvent combinations were used for extraction of antioxidant 
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2003; Javanmardi et al., 2003). Marino and co-workers (2002) observed that vegetable 
sauces extracted using polar solvents showed more antioxidant activity compared with 
those extracted using non-polar solvents. This indicates the significance of choosing a 
particular solvent for extraction of antioxidants. Extraction of antioxidants entirely 
depends on the nature of antioxidants in that sample. Hence, the first objective of this 
research was to find out suitable solvent or mixture of solvents for extraction of 
antioxidants from petai seeds. Different solvent combinations were used to find the best 
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Figure 3.4 Effect of different solvent combinations on extraction efficiency 
 
Figure 3.4 shows AEAC values of petai seed extract with ABTS radical scavenging assay 
using aqueous ethanol and acetone solutions with increasing percentage of water (10-90 
%). Zero percent water represents pure acetone and ethanol solutions. It was found that 
TAC increase as the % water increases but it remained almost steady as it reaches 70 %. 
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These results suggest that 30 % ethanol is the best extraction solvent combination. This 
may be due to the fact that use of 30% ethanol for extraction of petai makes both polar 
(hydrophilic, e.g. ascorbic acid and polyphenols) and lipophilic non-polar antioxidants go 
into the solution of the extract. 
 
Not all antioxidants can be dissolved in water or other solvents. Some antioxidants such 
as polyphenolic compounds have greater solubility in polar solvents like water. Other 
antioxidants easily dissolve in non-polar solvents such as hexane while some others 
dissolve well in slightly-polar solvents. Results from this research showed that petai 
seed homogenate extracted into water, a polar solvent shows higher antioxidant activity 
than that extracted into chloroform, a non-polar solvent. This clearly indicates the 
presence of polar antioxidants in petai. A major class of antioxidants compounds in 
plant samples are polyphenolics and these are usually soluble in polar solvents. Thus, 
there is a good possibility that the antioxidant activity in petai is from these 
compounds. The high phenolic content observed from the results in section 3.2.3.1 
supports this assumption. 
 
Selecting suitable solvent system for optimal extraction of compounds of interest is a 
difficult task in biological samples. This is due to the fact that complete optimization 
may involve an infinite number of solvents and their combinations. Thus in many cases 
there are limitations for the extraction of particular compounds. Most of the times there 
cannot be complete extraction of these compounds. The concentrations of compounds 
of interest in biological extracts are often not known so it is very difficult to add the 
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correct volume of solvent to completely dissolve such compounds. Thus, the results 
obtained may not represent a complete extraction of antioxidants from petai.  
 
3.1.2 Determination of optimal shaking parameters for extraction  
 
Heating, mechanical shaking, use of radiations like microwaves, use of supercritical 
fluids, soxhlet extraction, sonication, maceration, percolation, turbo-extraction (high 
speed extraction), pressurised solvent extraction or accelerated solvent extraction have 
been used to improve extractions. Complete optimization of extraction of antioxidant 
compounds involves not only choosing the best solvent combination but also improving 
the extraction by changing several parameters such as heating to different temperatures, 
irradiating with microwaves, shaking or using supercritical fluids. As a first step to 
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The effect of shaking on the extraction of antioxidants from petai is presented in Figure 
3.5. It was found that the AEAC values increased on shaking compared with the values 
obtained without shaking. It was observed that antioxidant capacity values increased 
significantly on shaking to 15 min compared with the values obtained without shaking 
but after 15 min of shaking, the values almost remained unchanged. AEAC values 
obtained without shaking were less compared with those obtained after shaking. These 
results suggest that shaking improves the extraction of antioxidants. This may be due to 
enhanced mixing of petai homogenate with solvent which improves the extraction.  
 
3.1.3 Effect of microwaves on the extraction  
 
Microwave extraction is a modern technique used to improve the extraction of several 
compounds from complex biological samples. Irradiation of a sample homogenate 
using microwaves produces heat faster than that can be achieved by normal heating. 
High pressure is built up when volatile solvents such as ethanol are heated to high 
temperature. Thus, precautions should be taken not to heat these solvents to high 
temperatures. Microwave extraction was performed on aqueous ethanolic petai solution 
at 50°C to prevent any damage to microwave extraction system due to high vapour 
pressure that develops on heating the contents to high temperature.  
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Figure 3.6 AEAC values for petai seed extract at room temperature and on 
microwave extraction at 50 °C for different durations 
 
The effect of microwaves on the extraction of antioxidants from petai is summarized in 
Figure 3.6. It was observed that there was a significant increase in the antioxidant 
capacity on microwave extraction compared to the values at room temperature. The 
antioxidant capacity was increased until 30 min, but it decreased on further heating. It 
seems that heating at 50°C for 30 min is the best parameter for extraction. There is a 
general increase in TAC when the petai seed homogenate was exposed to microwave 
heating but it decreased when the heating exceeds 30 min. The increase in TAC on 
microwave extraction can be due to increase in solubility of antioxidants in petai seeds 
and the decrease in TAC on heating for longer durations may be due the decomposition 
of the antioxidants on exposure to microwaves for long period.  
 
3.1.4 Determination of optimal temperature for extraction 
 
 
The majority of antioxidants in complex food samples are organic compounds such as 
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However, antioxidants are sensitive to heat and it is generally anticipated that heating 
them at high temperatures or heating for long durations result in loss of antioxidant 
properties. In this research, the effect of temperature on the extraction of antioxidants in 
petai was studied to find the optimal extraction parameters. 
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               Figure 3.7 Effect of temperature on the extraction 
 
The changes in AEAC values of petai as the temperature rises from room temperature to 
90 °C and as the durations of heating are changed are presented in Figure 3.7. 
Antioxidant capacity increased significantly at 50 and 60°C as the duration of heating is 
increased. The TAC values at 80 and 90°C were generally higher compared with those 
at 50 and 60°C. The best extraction parameter was obtained on heating at 80 °C for 45 
min. It was found that the antioxidant capacity values were lowest at room temperature 
compared with those obtained on heating. There is a general increase in extraction on 
heating but there is a decrease in these values as the duration of heating is increased. 
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antioxidants on heating and the decrease in TAC on heating at high temperature can be 
due to decomposition of antioxidants.  
 
Heating at 80°C for 45 min was preferred to shaking as it is several times more efficient 
for extraction. There was no significant difference between the AEAC values obtained 
using microwave extractions and by heating. Moreover heating is an easy method for 
extraction. Due to this reason microwave extraction was not chosen as a method for 
optimal extractions. From the results, it can be concluded that heating petai seed extract 
at 80°C for 45 min was found to be the best extraction procedure.  
 
Selecting a suitable solvent is an important factor for extraction. Nonetheless there are 
many other factors that influence the solubility of a compound. Usually solubility of 
many compounds increases with an increase in temperature. Shaking often increases the 
solubility. Likewise microwaves, sonication etc can be used to improve extractions. The 
results show that heating, shaking and exposure to microwaves improves extraction of 
antioxidants from petai.  As antioxidants are sensitive to external factors such as heat 
and oxidation, care should be taken to determine the correct optimal conditions for 
extractions.  The results are in consistent with this supposition as there is a decrease in 
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3.2 Determination of total antioxidant capacity 
 
Many vegetables, fruits, herbs, and species are being analyzed to estimate antioxidant 
activity. There are different methods for estimation of antioxidant capacity such as 
ABTS, DPPH etc. Different methods are based on different reaction mechanisms. 
Mechanistically they are based on either SET (single electron transfer) or HAT (hydrogen 
atom transfer). In SET, a single electron is transferred from an antioxidant to an oxidant 
e.g. a free radical (Equation 3.1) (Ou et al., 2002). TEAC and FRAP assays are based on 
this mechanism. HAT involves the transfer of hydrogen atom from an antioxidant to a 
radical (e.g. DPPH•) as in DPPH• assay (Equation 3.2) (Brand-Williams et al., 1995).  
 
M (n)  + A-H → M (n-1) + A-H+                                                                   (Equation 3.1)      
 
DPPH•  + A-H → DPPH –H + A•                                                                 (Equation 3.2) 
 
Natural antioxidants exhibit several functions such as free radical scavenging, inhibition 
of radical production, chelation etc. Not all of them can be determined by one single 
method (Edwin and Anne, 2000). Thus, screening of antioxidant activity should not be 
limited to radical scavenging assays but should also be extended to other methods for a 
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3.2.1 Radical scavenging assays for determination of TAC 
 
The two most commonly used radical scavenging tests for determination of TAC of plant 
extracts and biological samples are ABTS and DPPH assays. These methods are based on 
the redox reaction between chromogens (ABTS+ and DPPH synthetic radicals having 
characteristic absorption at 730 and 517 nm respectively) and antioxidants. The radicals 
become colourless on reduction, which involves the transfer of an electron or a hydrogen 
atom from antioxidant to the radicals leading to decrease in absorption. The drop in 
absorbance depends on the strength of antioxidants. TAC by these assays is generally 
expressed in AEAC or GAE values. The AEAC / GAE values reflect the amount of 
ascorbic acid / gallic acid required to produce the same radical scavenging activity as 100 
g of the plant sample. Expressing TAC in standard antioxidants such as vitamin C, trolox 
etc enables one to understand the potential of a sample plant extract in terms of standard 
antioxidants; thus it is recommended that TAC be expressed in units of known 
antioxidants. On the other hand this will allow comparison of antioxidant activity with 
other samples such as other varieties of fruits and vegetables. The important objective of 
this study is to determine the total antioxidant capacity of petai using ABTS and DPPH 
radical scavenging methods in order to assess its antioxidant activity and its potential as a 
source of natural antioxidants.  
 
Calibration curves for loss in absorbance of ABTS+ and DPPH radicals against 
concentration of gallic acid / ascorbic acid were plotted similar to that shown in Figure 
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3.2. A good correlation was obtained. These were used for determination of TAC of petai 
in gallic / ascorbic acid equivalents. 
 
3.2.1.1 ABTS and DPPH assays 
 
ABTS assay is widely used for determination of antioxidant capacity of biological 
samples such as food samples or serum. ABTS+ radicals are fairly stable, and are 
generated by direct oxidation of ABTS with potassium persulfate before they are made to 
react with antioxidants (Re et al., 1999). The advantage of this method is its use for easy 
and accurate determination of TAA in plant and other extracts. 
 
The principle of DPPH assay is very similar to ABTS radical scavenging assay.  DPPH 
radicals are stable at room temperature when dissolved in methanol (Deby and 
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Figure 3.8 shows loss in absorbance of DPPH radical solution on addition of petai 
extract. The reaction reached the steady state at around 50 min. The difference between 
absorbance at 517 nm (∆A517) at the beginning of the reaction i.e. 0 min and when it 
reaches the steady state i.e. at 50 min was used to calculate TAC of petai extract. It seems 
that the reaction between DPPH radicals and antioxidants in petai extract is slow. This 
may be due to the presence of slow reacting antioxidants present in petai. Reaction of 
petai extract with ABTS+ radicals was found to be comparatively faster than with DPPH 
radical solution. The former reaction reached steady state in 30 min but the latter took 50 
min to reach steady state. Similar to this result, Naik et al. (2003) found that Acacia 
catechu extract on reaction with DPPH radical solution reached steady state in 50 min 
while the same extract took only 900 µs to reach the steady state on reaction with ABTS+ 
radical solution. Usually antioxidants such as vitamin C, vitamin E and gallic acid react 
rapidly with ABTS+ and DPPH radicals. However the kinetic curves obtained in this 
study shows that petai extract reacts slowly with these radicals. This may be due to the 
fact that such antioxidants may be present in very low concentrations in petai.  
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Figure 3.9 Total antioxidant capacity of petai extract in AEAC and GAE values by ABTS 
and DPPH assays (Each value is mean ± SD of 20 determinations) 
 
Figure 3.9 shows the antioxidant capacities of petai extract using ABTS and DPPH 
assays. The mean AEAC values of 20 batches of petai obtained by ABTS and DPPH 
assays were 556.7 ± 107.5 and 429.2 ± 80 mg / 100 g respectively. The mean GAE 
values of the above mentioned batches of petai with ABTS and DPPH assays were 153.5 
± 32.9 and 106.6 ± 19.4 mg / 100 g of petai respectively. The results showed high 
antioxidant capacity for petai. Only 3 out of 27 fruits tested by Leong & Shui (2002) 
showed higher antioxidant capacities than that obtained for petai. In this study it was 
found that TAC values by ABTS assay were higher compared with those obtained by 
DPPH assay. This difference may be due to the presence of such antioxidants that can 
selectively react with fast reacting ABTS+ radicals. Another reason for this difference can 
be due to the dissimilarity in the structures of ABTS+ and DPPH radicals, which may 
bring about changes in their reactivities towards antioxidants. ABTS•+ does not have 
many sterically hindered groups. This is in contrast to DPPH• that contains many phenyl 
groups in its structure. The other reason might be that, in this study ethanol was used to 
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dilute ABTS+ radical solution but DPPH radicals are generated in methanol. The choice 
of solvent can have significant effect on the performance of antioxidant reactions with 
various reagents used for the determination of antioxidant activity. In the case of 
reactions involving phenolic compounds, a high kinetic solvent effect (KSE) was 
observed. This is mainly due to the formation of hydrogen bonding between the solvent 
and the antioxidant. The strength of this effect depends on the interaction between 
hydrogen bond donor; and polarity and hydrogen bond accepting properties of solvent 
(Grzegorz and Ingold, 2002). Finally there might be interference by secondary reaction 
products formed in the reaction between chromogen (ABTS+ or DPPH radical) and the 
sample leading to inaccurate TAC values.  
 
It is generally assumed that the two radical scavenging assays, ABTS and DPPH behave 
in a similar fashion towards the antioxidants. The results observed in this research are 
however contrary to this supposition. Even though there is a difference in the values 
obtained by these methods the results by both the methods show high antioxidant activity 
for petai. 
 
3.2.2 Reducing power  
 
Benzie and Strain (1996) used this method to measure antioxidant power. In this assay, 
compounds that can reduce FRAP reagent from ferric to ferrous form are regarded as 
antioxidants. This reaction involves an electron transfer from an oxidizable compound to 
Fe III-TPTZ complex resulting in the formation of blue coloured Fe II-TPTZ complex that 
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absorbs strongly at 593 nm. The increase in absorbance at 593 nm depends on the 
reducing power of sample / antioxidant under analysis. In this research reducing power of 
petai extract was found using FRAP assay. Similar to ABTS and DPPH assay the TAC of 
petai extract by this assay was expressed in terms of equivalents of standard antioxidants 
such as GA or AA, by comparing their reducing power.  
 
3.2.2.1 FRAP assay  
 
The mechanism of reaction involved, and the information obtained by FRAP assay are 
different from ABTS+ and DPPH radical assays. FRAP assay is based on electron transfer 
by antioxidants to ferric ion complex, but ABTS and DPPH assays are based on the 
transfer of an electron or a hydrogen atom from antioxidants to the radicals. ABTS and 
DPPH assays give information about the radial scavenging ability of antioxidants, while 
FRAP gives reducing ability of antioxidants.   
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Figure 3.10 Increase in the absorbance at 593 nm on addition of petai extract to 
FRAP solution  
 
Figure 3.10 shows the kinetics for reaction between petai extract and FRAP reagent. The 
increase in absorbance (∆A593), the difference in absorbance between 0 and 100 min was 
measured to calculate TAC in GAE / AEACs using FRAP assay. In about 100 min, the 
reaction almost reached a steady state i.e. the increase in absorbance was less than 1% per 
minute. It was observed that the increase in absorbance between 95 min and 100 min was 
found to be 0.61 % / min and it was 0.19% / min between 100 min and 105 min and 105 
and 110 min. It was found that the reaction was slow and the change in absorbance was 
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3.2.3 Total phenolic content 
 
3.2.3.1 Folin assay  
 
Folin assay is widely used for determination of total phenolic content (TPC) of biological 
samples. This was used for the evaluation of TPC of petai. Folin-Ciocalteu method is 
based on oxidation of phenolic groups by Folin reagent which is a mixture of 
phosphomolybdic and phosphotungstic acids. Oxidation of Folin reagent produces a 
green-blue complex that absorbs at 765 nm. The increase in absorbance at 765 nm is 
linearly dependent on the quantity of phenolic compounds present in a sample (Singleton 
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Figure 3.11 shows the change in absorbance of Folin reagent on addition of petai extract. 
It was observed that the reaction between Folin reagent and petai extract almost reaches 
plateau after 1 hour. TPC by Folin assay is usually expressed in GAE, as gallic acid is 
easily soluble in Folin reagent. Another reason is that range of different concentrations of 
gallic acid correlate well with the change in absorbance of Folin reagent. The calibration 
curve between the concentration of gallic acid and the change in absorbance at 765 nm 
shows a good correlation with R2 = 0.9934. 
 




















      Figure 3.12 AEAC / GAE values of petai extract with FRAP and Folin assay 
 
Figure 3.12 shows the TAC values of petai extract by FRAP and Folin assays. The mean 
AEAC and GAE values of 20 batches of petai found by FRAP assay were 116.1 ± 26.2 
and 40.4 ± 10.3 mg / 100 g of petai respectively. It was observed that TAC values by 
FRAP assay were less compared with those obtained by ABTS and DPPH assays. This 
may be due to the presence of antioxidants that acts by a principle other than electron 
donation and that, can selectively react with ABTS+ and DPPH radicals. Another reason 
for this discrepancy is due to some of the limitations of FRAP assay. Firstly, the accurate 
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determination of antioxidant capacity by this assay depends on the amount of FRAP 
reagent reacted with antioxidants. FRAP reagent may not completely react with 
antioxidants in the case of slow reacting antioxidants. This results in inaccurate 
determination of TAC. It was found that the reaction between FRAP reagent and petai 
extract was slow which might lead to inaccurate determination of TAC. Secondly, all 
compounds that can reduce FRAP reagent may not necessarily be antioxidants and all 
antioxidants may not be able to reduce FRAP reagent. Another important condition for 
the correct estimation of reducing power by this assay is that no reducing compound or 
its secondary reaction product should have absorption at 593 nm. Petai extracts may 
contain many colored compounds that may absorb at the same wavelength as Fe II- 
(TPTZ) complex and this will give incorrect and underestimated FRAP values.  
 
The mean TPC was found to be 78.62 ± 24.13 (mg / 100g of petai). The moderate 
phenolic content values indicate the significance of petai as a source of natural 
polyphenols. Future work should be concentrated on looking at these compounds in detail 
including their structures.  
 
The antioxidant activity of petai and its phenolic content have not been analyzed before. 
This is the first study regarding these aspects. Previous research shows the potential of 
petai as a medicine. But results in this research indicate its potential as an antioxidant 
source. The medicinal properties of petai may be due to the presence of antioxidants. 
 
The antioxidant capacity obtained by different methods was found to be different. This 
may be due to the differences in the principles involved in these methods. High TAC by 
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three different methods and moderate phenolic content shows that petai is a natural 
source of antioxidants and can be used in functional foods and nutraceuticals. The future 
research work should be focused on the study of mechanism of antioxidants in petai with 
ABTS+ and DPPH radicals and FRAP reagent. 
 
3.2.4 Ellman’s assay for determination of total thiol content 
 
Ellman’s assay is widely used to estimate total thiol content in biological sample at pH 8. 
The method involves use of water soluble aromatic disulfide 5, 5’-dithiobis (2-
nitrobenzoic acid) [DTNB]. At pH 8 thiol groups exits in the form of thiolate anion (-RS-
), which reacts with DTNB (Ellman’s reagent) and releases one equivalent of 2-nitro-5-
thiobenzoate anion, which absorbs at 412 nm. The increase in absorbance is directly 
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Figure 3.13 shows the increase in absorbance of Ellman’s reagent on addition of petai 
extract. It was observed that the reaction of thiols in petai extract with Ellman’s reagent is 
very slow. The reaction reaches a steady state only at around 2 hours. The average thiol 
concentration (mol / l) of 20 different batches of petai is 1.2E-05 ±  4.3E-06. The values 
obtained are very low indicating the low concentration of thiols. 
 
 
Table 3.1 GAE values and thiol content of petai seeds using various methods 
[*values expressed in ( x 10-5M )] 
Methods 
Maximum Value 
 mg / 100 g  or  * 
Minimum Value 
 mg / 100 g  or  * Mean S.D 
 ABTS  221.23 118.49 153.53 32.96 
 DPPH  140.56 82.50 106.68 19.44 
 FRAP  58.73 26.17 40.41 10.31 
 FOLIN 112.79 63.28 85.39 13.64 





Minimum and maximum GAE values and total thiol content of 20 different batches of 
petai, their means and standard deviations obtained using various methods are 
summarised in Table 3.1. A two fold difference between the lowest and highest GAE 
value was observed for ABTS, DPPH, FRAP and Folin assays. There is a large variation 
between the minimum and maximum values with different methods. These findings are 
similar to the results of Ou and co-workers who found a large variation in antioxidant 
activity from variety to variety in different vegetables (Ou et al., 2002). This variation 
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among batches of petai may be due to several factors that affect the production and 
stability of antioxidants in a food sample such as difference in variety, location, weather 
conditions, and harvest periods.  
 
3.3 Correlation between TAC and TPC of different batches of petai seeds 
 
A good correlation between phenolic content and antioxidant capacity of a plant extract 
signifies the presence of phenolic compounds as main antioxidants. Benzie & Szeto 
(1999) found a strong correlation between FRAP values and total phenolic content of tea 
infusions tested (r= 0.956, p < 0.0001). However, Yu et al. (2002) found no correlation 
between TPC and free radical scavenging activities against both DPPH and ABTS+ 
radicals for wheat extracts. Thus, correlation values depend wholly on the nature of the 
test sample. 
 
The antioxidant capacity (GAE) values of 20 batches of petai by ABTS, DPPH, and 
FRAP assays are plotted against phenolic content as shown in Figure 3.14, Figure 3.15 
and Figure 3.16 respectively to evaluate the correlation between antioxidant capacity and 
phenolic content. A positive linear correlation (R2 = 0.741) was found between the GAE 
values by ABTS and Folin assays. Similarly, a significant correlation coefficient values 
of R2 = 0.754 and 0.707 were obtained for plot of GAE values by DPPH and FRAP 
methods against Folin test respectively. The results demonstrate the contribution of 
phenolic compounds to the antioxidant capacity of petai. From these correlations it can be 
suggested that a major part of the TAC of petai is due to phenolic compounds but a part 
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of the antioxidant capacity is contributed by other compounds such as sulfur compounds 
etc. 
 
Correlation coefficients (R2) of almost 0.8 were obtained for the plot of antioxidant 
capacity values by ABTS assay against those determined by DPPH and FRAP assays. 
These findings indicate a fair similarity between the different methods used. The 
deviation from ideal correlation coefficient of R2=1 indicates there can be some 
differences in the reactions of antioxidant test reagents towards the antioxidants in petai.  
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Figure 3.14 Correlation between GAE values by ABTS assay and Folin assay 
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Figure 3.15 Correlation between GAE values by DPPH and Folin assay 
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Figure 3.16 Correlation between the GAE values by FRAP and Folin assay 
 
Correlations between (TAC) values obtained using any two different methods reflect the 
nature of antioxidants. For example, if there is a good correlation between the TAC 
values obtained using ABTS and Thiol content values determined by Ellman’s assay in a 
sample, this indicates that thiol compounds may be responsible to a certain extent for the 
antioxidant capacity of petai. Furthermore, correlations also indicate the similarities or 
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differences in the reaction mechanisms between any two methods used for the 
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Figure 3.17 Correlation between the GAE values by ABTS assay and 
concentration of thiols by Ellman’s assay  
 
Figure 3.17 shows the correlation between TAC and thiol content of petai extract. GAE 
values and thiol content for different batches of petai determined by DPPH assay and 
Ellman’s assays respectively had a R2 value of 0.43. Correlations between TAC by ABTS 
and FRAP assays against thiol content values were also found to be very low. A very low 
correlation between TAC and Thiol content represents that there is a very low 
contribution by such compounds to the antioxidant activity in petai. 
 
Factors that affect the correlations of a test sample are inadequate sample size, 
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purchased from different shops at local markets in Singapore. They are imported from 
Thailand, Malaysia and Indonesia. Therefore, there is a probability that these seeds 
originated from different countries differ in their composition due to the variations in 
soils and climate and this may be the reason for some low correlations obtained in our 
research.  
 
3.4 Optimization of separation using HPLC 
 
Biological samples contain several types of antioxidants in different amounts. It is very 
difficult to identify all of them, using a single analytical technique. Any single solvent or 
solvent system cannot separate all these compounds. A particular solvent or mixture of 
solvents combined in different percentages can be used to separate such compounds.  
 
HPLC was used for optimization of the separation of petai extract using the following 
pairs of solvent combinations given below in different proportions starting with 5% of 
one solvent and increasing it by 10% each time until it reaches 95%. 
 
1. Chloroform - water 
 
2. Acetone - water 
 
3. Pentane - water 
 
4. Ethyl acetate - water 
 
5. Aqueous sulphuric acid (pH 2.5) - methanol 
 
6. Ethyl acetate – acetic acid 
 
7. Acetic acid  
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             Figure 3.18 Chromatogram obtained with ethyl acetate and water as mobile phase 
 
 
The chromatogram obtained using 15 % ethyl acetate-water solution as mobile phase in 
an isocratic mode with a flow rate of 0.5 ml / min is shown in Figure 3.18. Ethyl acetate–
water system was found to be a better solvent combination for separation of compounds 
in petai compared with all other solvent systems. A better separation of compounds / 
antioxidants helps in their easy identification. It is also useful for collection of individual 
antioxidants for further analysis. This also gives better spectra for each compound or 
peak in the chromatogram, which makes the spectral comparison with standard 
compounds and calculation of peak purity index easy. Further improvements in 
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3.5 Identification of antioxidant compounds in petai based on the reaction with 
ABTS+ and DPPH radical solutions using HPLC 
  
ABTS+ and DPPH radical scavenging methods are widely used in the determination of 
antioxidant activity of several biological samples and standard antioxidants. In these 
assays the reaction of the above mentioned radicals with antioxidants involves donation 
of an electron or hydrogen atom. There can be structural changes or changes in physical 
properties of antioxidants on reaction with ABTS+ and DPPH radicals. Figures 1 and 2 
show disappearance / reduction in peak height on reacting with ABTS+ and DPPH radical 
solutions. This indicates the presence of several active antioxidant compounds. 
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Figure 3.19 The chromatograms of aqueous petai extract and petai extract with ABTS+ 
radical solution 
 
  petai extract with ABTS radical solution 
 aqueous petai extract 
 → Compounds that react with ABTS radicals 
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Antioxidants in any biological system or plant extract react with ABTS+ and /or DPPH 
radicals to form products that either cannot be detected at the same wavelengths as that of 
polyphenolic AOs or have different retention times to that of original antioxidants. This 
principle was used in the identification of AOs. For example, Figure 3.19 shows 
compounds that have reacted with ABTS+ radical solution (indicated by arrows). These 
compounds are likely to be antioxidants.   
 
Minutes










Figure 3.20 The chromatograms of aqueous petai extract and petai extract with DPPH 
radical solution 
 
There are also some compounds that did not react with ABTS+ radicals.  However, some 
of these compounds are found to react with DPPH radicals (Figure 3.20). From the results 
obtained, it was found that some antioxidant compounds reacted with both ABTS+ and 
DPPH radicals while others reacted only with one of them. More antioxidant compounds 
in petai extract are found to react with DPPH radical compared to that of ABTS+ radical 
solution. This might be due to difference in reactivities of antioxidants in petai towards 
 petai extract with DPPH radical solution 
 aqueous petai extract 
 → Compounds that react with DPPH radicals 
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the ABTS+ and DPPH radicals. Another reason can be due to the difference in the 
structures of ABTS+ and DPPH radicals. DPPH radical has a reactive centre surrounded 
by bulky groups i.e. phenyl groups and substituted phenyl group, which might hinder its 
reaction with some antioxidant compounds, while in ABTS+ radicals there are no such 
hindering groups. Another reason may be due to the difference in solubilities of the 
antioxidant compounds in aqueous ABTS+ radical solution and methanolic DPPH radical 
solution. Lipophilic antioxidant compounds are not soluble in water but completely or 
partially soluble in methanol. However, an in-depth study of the reaction mechanisms, 
the structural features of antioxidants that affect their reactions and the reaction 
intermediates formed in their reactions with radical solution has to be studied to make a 
final conclusion. Further research will help in identifying these compounds and the 
moiety contributing to their reactivities with each of these radicals. However, for the 
purpose of identification of antioxidant peaks using HPLC, both radicals should be used, 
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3.6 Determination of Vitamin C by HPLC 
 
Vitamin C is an important antioxidant having several physiological functions. In this 
study the amount of vitamin C present in petai was found using HPLC to determine its 
contribution to the total antioxidant capacity. It was identified by comparing the 
retention times of pure vitamin C standard with the peak obtained from the extract. For 
further confirmation, spiking tests and spectral comparisons were performed.  
.
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Figure 3.21 Chromatogram of standard vitamin C  
 
The chromatogram of pure vitamin C by isocratic mode of separation using 1 % acetic 
acid is shown in Figure 3.21. The retention time of standard vitamin C was found to be 
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                 Figure 3.22 Chromatograms obtained by spiking the extract with Vitamin C 
 
The spiking of pure vitamin C to the extract of petai shows that at 9.1 min the peak area 
increased with increasing concentration of pure antioxidant added to the extract as 
shown in Figure 3.22. The chromatogram for the extract without spiking of vitamin C is 
shown in pink colour and the chromatograms after addition of different concentrations 
of vitamin C are indicated in blue and green colour. 
 
 
Figure 3.23 Overlaid spectra of the pure vitamin C and that identified in extract 
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 Spectrum of standard vitamin C 
 Spectrum of vitamin C from petai extract 
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The spectrum of the vitamin C identified from the petai extract (indicated in green 
colour) is made to overlay with that obtained for the pure vitamin C standard (indicated 
in blue colour) as shown in Figure 3.23. Further peak purity index was found to be 97 
%, which confirms the presence of Vitamin C in the extract of petai. 
 
The extract of petai was made to react with DPPH radical solution and analyzed using 
HPLC to further confirm the presence of vitamin C in the extract. Vitamin C on 
reaction with DPPH radicals gives oxidation products. 
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Minutes









Figure 3.25 Chromatogram of the petai extract after the addition of DPPH 
radical solution  
 
The chromatogram of petai extract and vitamin C was shown in Figure 3.24. Addition 
of DPPH radical solution to petai extract resulted in the disappearance of vitamin C 
peak as shown in Figure 3.25. This may be due to the reason, that the oxidation 
products of vitamin C have different retention times compared with that of pure vitamin 
C or they do not have any interaction with the stationary phase. Vitamin C peak 
identified in petai extract has a retention time of 8.9 min as shown in Figure 3.24, 
which is slightly different from the time of elution of standard vitamin C that is 
observed at 9.1 min as shown in Figure 3.21. This is due the prevention of complete 
interaction of vitamin C with the stationary phase of the column by complex matrix 
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The vitamin C content in petai / 100 g wet weight found by Mohamed and co-workers 
(1987) was 31.4 ± 3.4 mg. However, from our research mean vitamin C content of six 
batches of petai is found to be 42.5 mg ± 1.7 / 100 g of petai. The amount of vitamin C 
found by Mohamed et al. (1987) was somewhat less compared with the value obtained in 
our research using HPLC. This is likely due to the change in chemical composition of 
petai with the variation in seasons and place. Thus, 7.6 % of the TAC by ABTS assay is 
contributed by vitamin C. Ascorbic acid is well known for its synergistic effect i.e. it can 
replenish the reacted antioxidants such as tocopherols with H-atom. There can be 
possibility that Vitamin C though present only in a small quantity in petai could have an 
extremely high synergistic effect in which the contribution of vitamin C for the 
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3.7 Antioxidant capacity of petai pods 
 
The tender pods of petai can be cooked and eaten. We found that petai seeds show good 
antioxidant activity. To evaluate whether petai pods also show similar property we 
studied the antioxidant capacity of them using several methods. The antioxidant status of 
petai pods gives information about its use as a source of natural antioxidants and as 
dietary supplement in foods.  
 
3.7.1 Optimization of extraction 
 
The procedure for optimization of extractions is similar to that discussed in section 3.1. 
ABTS assay was used to determine TAC of petai pods and based on these values the 
optimized parameters for extraction of antioxidants were selected. Calibration curves 
were plotted between the loss in absorbance of ABTS+ radicals and concentration of 
vitamin C and gallic acid. The scavenging abilities of vitamin C and gallic acid are 
compared with that of petai pods extract to express TAC in AEAC and GAE units 
respectively. 
  
3.7.1.1 Solvent for optimal extraction 
 
Antioxidants in petai pods were extracted using different combinations of solvents 
(aqueous ethanol and aqueous acetone) with increasing % of water. Both ethanol and 
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acetone systems were very efficient for extraction of antioxidants. The best solvent for 
extraction however was found to be 30% ethanol.  
 
3.7.1.2 Optimal heating parameters 
 
Further improvement in the extraction was achieved by heating petai pod homogenate 
solution to different temperatures for different durations as explained in section 3.1.4. 
There was a general increase in extraction efficiency as the temperature and the duration 
of heating were increased. Heating at 80 C for 45 min was found to be the optimal 
condition for extraction of antioxidants from petai pods.  
 
3.7.2 TAC of petai pods 
 
The TAC of petai pods was estimated by commonly used ABTS, DPPH and FRAP 
assays while TPC was found by Folin-Ciocalteu assay. The reaction of petai pod extract 
with ABTS+ radicals, DPPH radical solution, FRAP reagent and Folin reagent reached 
steady states in 30, 50, 100 and 60 min respectively. Based on the durations of steady 
state of reaction between petai pod extract with different test reagents appropriate times 
were chosen for determining TAC. The TAC values of petai pods were expressed in 
AEAC and GAE values.  
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Figure 3.26 AEAC and GAE values of petai pod extract by different assays (Each value 
is mean ± SD of 20 determinations) 
 
Figure 3.26 shows the antioxidant capacity and phenolic content of petai pods in AEAC 
and GAE values. It was observed that TAC values determined by both ABTS and DPPH 
assays were almost same. This indicates that both radicals are similar in their reaction 
towards the antioxidants in petai pods. These findings are in contrast with the results 
obtained for petai seeds for which the TAC values using DPPH method were lesser than 
those determined by ABTS assay. This may be due to the presence of such antioxidants 
in petai pods that can react well with DPPH radicals compared to those in seeds. The 
difference between the TAC values of petai pods determined by radical scavenging 
assays (ABTS and DPPH assays) and FRAP assay was found to be small. This difference 
was around 4 times in petai seeds. This suggests that antioxidants in petai pods react 
effectively with FRAP reagent compared with those in seeds. The TAC values by 
different methods were found to be similar in petai pods but there was a difference in 
these values for petai seeds. It can be suggested from these results that the TAC values by 
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different test methods depend on the nature of antioxidants present in the sample. Similar 
to red wine and tea the phenolic content of petai pods was found to be very high. The 
high TAC and TPC values of petai pods suggest its importance as a cheap source of 
natural antioxidants. 
 
3.7.3 Comparison of TAC of petai seeds and pods 
 
In this study TAC and TPC values of petai pods and seeds were compared to asses the 























Figure 3.27 The AEAC values of petai seeds and pods using different methods 
 
Figure 3.27 shows the TAC and TPC in AEAC values of petai seeds and pods. The 
antioxidant capacities of seeds were found to be generally lower than that of pods. TAC 
values of petai pods by ABTS and DPPH assays were around 6 times higher than seeds. 
The mean AEAC values for seeds using FRAP reagent was around 20 times lower than 
that of petai pods. These might be due to the presence of antioxidants in pods that can 
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effectively react with FRAP reagent and due to the presence of more electron donating 
antioxidants in petai pods than seeds. The mean TPC value of petai pods was around 9 
times higher than seeds. There was no constant difference in the TAC values between 
seeds and pods except the radical scavenging assays. This may be due to the differences 
in the mechanisms of reaction of different reagents with antioxidants or due to the 
difference in the nature of antioxidants in pods and seeds. However, further investigation 
has to be done to find out if there are more antioxidants in pods that react more rapidly 
with FRAP and Folin reagents. 
 
It is very interesting to estimate the potential of petai as a source of antioxidants by 
comparing the antioxidant capacities and phenolic contents of seeds and pods with the 
TAC and TPC of different fruits and vegetables. 
 
















Fruit / vegetable AEAC
  
(mg / 100 g) 
Petai  seeds 556 ± 68 
Petai pods 3150 ± 223 
Ciku 3396 ± 387.9 
Strawberry 472 ± 92.9 
Plum 312 ± 23.2 
Apple 78.9 ± 2.7 
Kiwi 136 ± 18.2 
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GAE and AEAC values of different fruits (Imeh and Khokhar, 2002; Leong and Shui, 
2002) and petai are tabulated in Tables 3.2 and 3.3. From Table 3.2 it is observed that 
antioxidant activities (AEAC values) are high for both petai seeds and pods compared to 
other fruits. The antioxidant activity of petai pods is very high and is almost equal to 
ciku.  
 
Table 3.3 shows high phenolic content value (GAE) for petai pods. The phenolic content 
of seeds is less compared with other fruits. GAE value of pods is the highest among all 
the fruits mentioned. This implies that petai pods are a better source of phenolic 
compounds than many other fruits. The information from the tables suggests presence of 
high amount of phenolic compounds and radical scavenging antioxidants in petai. From 




Fruit / vegetable GAE FOLIN  (mg / 100 g) 
Petai  seeds 78 ± 24 
Petai pods 908.94 ±104 
Apple (Braeburn cultivar) 535 ± 14.6 
Pear (Conference) 302.3 ± 15.5 
Plum (Royal Garnet) 534.8 ± 16 
Kiwi 302.8 ± 11 
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3.7.4 Correlations between TAC and TPC    
 
The antioxidant capacity of petai pods was found to be very high. In the next step to find 
out the nature of antioxidant compounds present in petai pods TAC of petai pods were 
plotted against phenolic content to find out whether there is any contribution of these 
antioxidants to the TAC. 
 















Figure 3.28 The correlation between GAE values by ABTS and Folin assays 
 














Figure 3.29 The correlation between GAE values by DPPH and Folin assays 
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Figure 3.30 The correlation between GAE values by FRAP and Folin assays 
 
 
The antioxidant capacity (GAE) values of 20 batches of petai pods by ABTS, DPPH, and 
FRAP assays are plotted against phenolic content as shown in Figure 3.28, Figure 3.29 
and Figure 3.30 respectively to evaluate the correlation between antioxidant capacity and 
phenolic content. A positive linear correlation (R2 = 0.703) was found between the GAE 
values by ABTS and Folin assays. Similarly, significant correlation coefficient values of 
R2 = 0.712 and 0.748 were obtained for plot of GAE values by DPPH and FRAP methods 
against Folin test respectively. The results demonstrate the contribution of phenolic 
compounds to the antioxidant capacity of petai. From these correlations it can be 
suggested that a major part of the TAC of petai pods is due to phenolic compounds and a 




To further understand the importance of petai seeds and pods as sources of natural 
phenolic compounds the r2 values obtained on plotting the antioxidant activities with 
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phenolic contents for the seeds and pods are shown in comparison with the r2 values 
similarly obtained for several other fruits and vegetables. 
 
Table 3.4 The correlation coefficient values (r2) for the plot between the phenolic content 
and total antioxidant activity of different fruits / vegetables and petai 
Fruit / vegetable  r2  Values 
Petai pods  0.74 






Grape fruit 0.94 
 
 
Table 3.4 shows correlation coefficients obtained for different fruits / vegetables (Dae-Ok 
et al., 2003; Shela et al., 2004; Helle et al., 2004; Aljadi and Kamaruddin, 2004) and 
petai on plotting the antioxidant activity values against phenolic contents. Excepting 
coriander and Honey all other vegetables / fruits have high r2 values. The contribution of 
phenolic compounds to the total antioxidant capacity for petai seeds and pods is less than 
most of the other vegetables and fruit. Around 75 % of the total antioxidant capacity is 
contributed by the phenolic compounds in pods and seeds. The rest of the antioxidant 





3.7.5 Identification of antioxidant compounds in pods using HPLC 
 
Petai pod extract and the same extract with ABTS+ radical solution were injected into 
HPLC for analysis of active antioxidants. The identification of antioxidants was based 
on the reaction of antioxidant compounds with ABTS+ radicals. 
 
Minutes








Figure 3.31 The chromatogram of aqueous petai pod extract and petai pod extract with 
ABTS+ radical solution 
 
Figure 3.31 shows the chromatograms of the aqueous petai pod extract (continuous 
line) and the chromatogram of petai pod extract after the addition of ABTS+ radical 
solution (dotted line). From the results obtained it was found that several peaks 
(indicated by arrows) disappeared or there was a reduction in peak heights or their 










    t  (        ) 
 aqueous petai extract 
 petai extract with ABTS radical solution 
 → compounds that react with ABTS radicals 
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The phenolic compounds on reaction with ABTS+ radicals either cannot be detected at 
the same wavelengths or have different retention times to that of the original 
antioxidants. From the above chromatograms it can be concluded that petai pods also 
have several antioxidant compounds as found in petai seeds. There has not been good 
separation and the antioxidants were not characterized. Thus future research work 
should be focused on separation and identification of those antioxidant compounds. 
 
3.7.6 HPLC analysis for Vitamin C in petai pods 
 
HPLC was used to determine the presence of vitamin C in petai pods by spiking and 












           Figure 3.32 The chromatogram of petai pod 
 











Figure 3.32 shows the chromatogram of petai pod extract. The seperation between the 
compounds eluted between 8 min and 10 min in the chromatogram (Figure 3.31) were 
not well seperated. The presence of vitamin C couldn’t be identified with certainity as 
vitamin C peak could be overlapped by the peaks of different compounds. In seeds 
vitamin C was well seperated and can be well distinguishable.  
 
3.8 Possible phenolic compounds from petai seed and pod extracts  
     
 
Several active antioxidant compounds that react with ABTS+ and DPPH radicals and 
those that contribute to the total antioxidant capacity were found to be present in seeds 
and pods of petai as presented in sections 3.5 and 3.7.5. The major groups of antioxidant 
compounds are flavonoids, phenolic acids and their derivatives. There is a possibility that 
these compounds contribute to the antioxidant activity shown by seeds and pods of petai. 
The main aim of this study is to investigate the possibility of presence of such 
compounds using LC-MS based on the comparison of molecular masses with phenolic 
compounds. A positive electron spray ionization mass spectrometry (ESI+) coupled to a 
HPLC with a reverse-phase C18 column was used in this study. All the compounds 
analyzed had an intense signal corresponding to the pseudo-molecular ion [M+H]+. The 
molecular masses of 15 compounds were obtained from petai seeds and pods. 
Compounds with similar masses have been identified in other plant components (Atoui 
et al., 2004; Piergiorgio and Pierluigi, 2001). These compounds are listed in Table 3.6 
and Table 3.8. 
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Figure 3.33 HPLC chromatogram of petai seed extract at 254 nm  
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Figure 3.34 HPLC chromatogram of petai pods extract at 254 nm 
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Figure 3.35 ESI-MS spectra of a pseudo-molecular ionic compound  
 
 
Table 3.5 The mass numbers of pseudo-molecular ions of different compounds identified 
in the seeds of petai 
Compound RT min [M+H]+ 
1 5.49 288 
2 6.46 329 
3 10.98 379 
4 19.85 519 
5 28.80 333 
6 40.75 271 
7 42.53 565 
8 47.06 597 
9 52.57 611 






Table 3.6 The compounds with different pseudo-molecular ionic masses (1 Atoui et al., 2004;  2 
Piergiorgio and Pierluigi., 2001) 
[M+H]+ Compound SourceReference 
288 Cyanidin Vaccinium myrtillus (mirtoselect)2 
329 Salvigenin Saga infusion1 
379 ester of ferulic acid Chamomile infusion1 
519 apigenin-7-(6’’-
malonylglycoside) 
or ester of caffeic acid  
or ester between caffeic and 
ferulic acid  
Chamomile infusion1 
333 ester between caffeic and 
gallic acid 
Black tea infusion1 
271 Genistein Glycine max (Soy select)2 
565 Apigenin 6,8-di-glycoside Dictamnus infusion1 
597 eriodictyol 7-rutinoside. Mint infusion1 
611 quercetin-3-diglycoside or 
quercetin-3-glycoside-7-
rhamnoside or ester of caffeic 
acid or taxifolin glycoside. 
Dictamnus infusion, linden infusion, 
mint infusion, black tea infusion1 
351 ester of vanillic acid Eucalyptus infusion1 
 
 
The retention times of different compounds and mass numbers of pseudo-molecular ions 
present in petai seeds are given in the above Table 3.5. Table 3.6 gives mass numbers of 
pseudo-molecular ions, compounds assigned for these ions and the sources from which 
these compounds are obtained (Atoui et al., 2004; Piergiorgio and Pierluigi, 2001). The 
ten antioxidant compounds that are tabulated in Table 3.6 are mainly phenolic 
compounds and their derivatives. 
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The results suggest that there may be many important and effective antioxidant 
compounds in seeds. It was found that around 8 % of the total antioxidant capacity is 
contributed by vitamin C; the rest of the TAC observed in the seeds may be due to the 
presence of the above suggested phenolic antioxidants and due to the positive synergism 
between vitamin C and phenolics.  
 
Table 3.7 The retention times of different compounds from petai pod extract and their 
pseudo-molecular ions 
Compound RT min [M+H]+ 
1 5.53 302 
2 5.58 288 
3 6.10 433 
4 31.12 762 
5 71.29 535 
 
 
Table 3.8 The compounds for the pseudo-molecular ionic masses (1 Atoui et al., 2004;  2  Piergiorgio 
and Pierluigi., 2001) 
[M+H]+ Compounds SourceReference 
302 Delphinidin Vaccininium myrtillus (mirtoselect)2 
288 Cyanidin Vaccininium myrtillus (mirtoselect)2 
433 Apigenin 7-glycoside Saga infusion1 
762 Sodium adduct of 3-0-[rhamnosyl-
(1-2)-rhamnosyl-(1-6)-glucoside] 
derivative of kaempferol or 3-0-
[6’’’-p-coumaroyl glycosyl-(1-2)-
rhamnoside] derivative of 
kaempferol 
Ginkgo biloba2 
535 Hyperforin Hypericum perforatum2 
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Table 3.7 shows the retention times of different compounds and mass numbers of pseudo-
molecular ions identified from petai pod extract. The mass numbers of pseudo-molecular 
ions, the compounds assigned for these masses and the sources from which they are 
identified are shown in Table 3.8. From the comparison of mass numbers with the 
phenolic compounds it was found that there could a possibility of presence of important 
phenolic antioxidants in petai pods. The number of compounds that matched with the 
mass numbers of pseudo-molecular ions of typical phenolic compounds (Table 3.7 and 
Table 3.8) was only 5.   
 
There is a possibility of the presence of phenolic compounds tabulated in Table 3.6 and 
Table 3.8 in pods and seeds of petai as they matched with the molecular masses of the 
compounds identified from these extracts (Table 3.5 and Table 3.7). Other comparisons 
such as UV and fragmentation pattern did not match exactly with phenolics due to the 
differences in the methods used in this study and that used in the literature. However, 
further confirmation of these compounds could be done by comparison of UV and LC-
MS characteristics of these compounds with the standards. 
 
A variety of important antioxidant compounds are available in nature from different 
fruits and vegetables. Some of the examples are cyanidin, that is found in cheery, 
strawberry and grapes; apigenin, which is present in celery and parsley. Similarly, 
taxifolin is present in citric fruits. Likewise, phenyl proponoids and flavonols like 
kampferol were found in varied fruits and vegetables. The importance of the findings 
from this study is that, it is found that diverse flavonoids and phenolic acid derivatives 
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which are generally found in a variety of fruits and vegetables are suggested to be 
present in a single common vegetable, petai.  
 
 
3.9 Analysis of antioxidant nature of different fractions of petai seeds using 
preparative HPLC 
 
Petai seed extract is injected into preparative HPLC system, separated using semi-
preparative column for collection and determination of antioxidant activities and 
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            Figure 3.36 The chromatogram of petai seed extract 
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Figure 3.36 shows the chromatogram of petai seed extract and the retention times 
between which each fraction was collected. In total, seven fractions were collected from 
the seed extract. The fractions are selected such that all important peaks are collected 
from the seed extract. It was observed that only one of the peaks in fraction 1 of the 
chromatogram (Figure 3.36) was found to be present in large quantity. This may be 
vitamin C peak, as it is added to the extract to prevent decomposition of other 
antioxidants. Each and every peak in the chromatogram could not be collected 
separately as many of the peaks were merged with one another. Thus, the fractions 
collected here may not represent any single peak and there may be interferences from 
other peaks. This problem is more for the fractions 1, 2, 6 and 7. The fractions collected 
were analysed for antioxidant activity and phenolic content determinations. 
 









Different fractions collected using preparative HPLC and retention times between which 
they were collected are presented in Table 3.9. 
Fraction RT min 
    1 13.60 - 26.40 
    2 26.50 - 31.29 
    3 31.60 - 33.60 
    4 33.90 – 36.00 
    5 41.50 - 44.60 
    6 45.00 - 48.70 
    7 50.60 – 57.00 
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The antioxidant activities and phenolic contents of the collected fractions were 
determined using ABTS+ radical scavenging assay and Folin assay respectively. The 
antioxidant activities and phenolic contents of the fractions were expressed in AEAC 
and GAE values respectively. Figure 3.37 shows the AEAC and GAE values of 
different fractions of petai seed extract. The AEAC and GAE values for several 
fractions presented in Figure 3.37 are the amount of ascorbic acid or gallic acid from 60 
g of fresh weight of petai seeds. Thus these values will be almost twice in 100 g of f.w. 
of petai seeds. The AEAC / GAE values observed for different fractions suggest that 
the antioxidant capacity of the fractions collected was very low except for fraction 1. 
The antioxidant capacity and phenolic content of this fraction may be high due to the 
presence of vitamin C with retention time at 20 min on the chromatogram and which 































Figure 3.37 (A) AEAC / GAE values of fractions 1-7 (B) Graph showing GAE / AEAC 
values of fractions 2-7 
 
(A) TAC / TPC of fractions 1 - 7 (B) TAC / TPC of fractions 2-7 
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The AEAC / GAE values of all the fractions except fraction 1 [Figure 3.37 (A)] were 
low. However, many active phenolic compounds were found in the seeds of petai using 
LC-MS. One of the reasons for the low antioxidant activities and phenolic contents of the 
fractions may be due to the presence of these phenolic compounds in very small 
quantities or due to oxidation of these compounds in the process of collection and 
analysis. Another reason might be due to unidentified antioxidants in the seed and pod 
extracts or due to the synergism between different antioxidants. 
 
From these results it can be found that the AEAC / GAE value of the fraction 4 was 
higher compared with the other fractions (2-7). Similarly, fraction 5 was also found to 
show good antioxidant activity or phenolic content. But the over all AEAC / GAE were 
so low that there is not much difference among the AEAC / GAE values among the 
fractions 2-7. Most of the fractions collected from the preparative column were not highly 
pure and the amount collected even after evaporation was so little, that it cannot be used 
for further analysis. Future research may be carried out to find out methods to completely 
preserve all the antioxidants from deterioration and improving the extraction of these 








4. Conclusions and Future research work 
 
 
The methods used in the present research were well suited to study antioxidant activity 
of petai seeds and pods. The results however cannot be extended directly to in vivo 
systems which are more complex and may differ from in vitro systems. The results 




The present study shows the importance of petai as a source of natural antioxidants. 
The methods used in this research to evaluate the antioxidant capacity of petai are 
widely used. The results obtained show that petai is very reactive towards ABTS+ and 
DPPH radicals. Similarly, it also actively reduces ferric metal ions to ferrous form. This 
shows that petai consists of several antioxidant compounds which can donate an 
electron or hydrogen atom. In addition to its antioxidant properties, petai seeds show 
high phenolic content. The phenolic content is found to be more than that is present in 
many other vegetables.  
 
It is found that the antioxidant activity of petai pod extract by radical reagents and 
FRAP solution is higher compared with petai seed extract. Similarly it is observed that 
petai pods have high levels of phenolic content than seeds. This showed that petai pods 
are also good sources of natural antioxidant compounds. 
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It is found that phenolic compounds are major contributors to the antioxidant capacity 
of petai seeds and pods. The correlation coefficient between the TAC and TPC of pods 
and seeds was found to be about 0.7. In seeds there was a small correlation between 
thiol content and TAC. 
 
It is found that petai seeds contain considerable amounts of vitamin C. However this 
was not found in the pods. It is also observed that there were several active antioxidant 
compounds in petai seeds and pods. This was found by their reactivities with radicals 
using HPLC. The mass numbers of pseudo-molecular ionic compounds from the 
extracts of petai seeds and pods matched with that of phenolics from other plant 
components. Hence, there is a possibility of presence of phenolic compounds in these 
extracts. 
 
In conclusion the results presented in this thesis give information about the nature of 
antioxidants present in pods and seeds of petai. In future studies the results of this 
research should be extended to other methods for determination of antioxidant activity. 
Compounds responsible for high antioxidant activity in petai seeds and pods need to be 
isolated and their structures elucidated. Studies on other vegetables of South East Asian 
region are also worth looking into as a part of future research.  
 
Identification and quantitation of antioxidants in petai enables us to understand the nature 
of antioxidants in petai. Therefore, it is interesting to find out the compounds responsible 
for antioxidant activity. Determination of structures of antioxidants helps in proposing 
reaction mechanism of antioxidant with oxidants or radicals. The future research work 
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may be aimed at identifying the main compounds that are responsible for the 
antioxidative nature of petai using various analytical techniques. Quantification of the 
identified compounds gives information about the percentage contribution of those 
compounds to the TAC. The seeds as well as the outer pericarp are eaten. Our studies 
show that petai pods show high antioxidant activity. Therefore, identification of 
antioxidants of outer pericarp gives information about the compounds responsible for 
the antioxidant capacity of petai pods.  
 
The total antioxidant capacity of a biological sample determined by several methods 
based on different mechanisms gives the true total antioxidant capacity value. A 
different method such as hydroxyl radical scavenging assay, which is closely related to 
in vivo antioxidant mechanisms, involves reaction of antioxidants with hydroxyl 
radicals. Inhibition assays such as DETBA can also be used for the determination of 
total antioxidant capacity of petai as a part of future work. 
 
The antioxidant capacity depends on the nature of soil and climatic conditions. Thus, it 
is interesting to purchase petai samples from various places and at various times of the 
year and study the variation in the antioxidant capacity to know which is the best 
variety available and its season of availability. 
 
Petai seeds are covered by a thin white layer. It is very interesting to know the 
antioxidant nature of this layer that covers the seeds. This may contain several 
antioxidant compounds which can be consumed or used as a food supplement. 
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In this study the possibility of phenolic compounds as contributors for the antioxidant 
capacity of petai seeds and pods was suggested. Purification of the fractions and 
collection of individual compounds from seeds and pods need to be achieved by better 
separation of compounds using HPLC. This enables a the better qualitative identification 
and to obtain a clear UV spectrum that provides further confirmation of presence of the 
phenolic compounds. Comparison of the fragmentation patterns and UV characteristics of 
the standard phenolic compounds with the compounds analysed from the seeds and pods 
needs to be done as well. Other techniques such as IR and NMR could also be used for 
further confirmation of these compounds. Phenolic compounds suggested in this study 
are found to be mostly glycone forms of phenolic compounds. Hydrolysis of the 
individual fractions to aglycones helps in the confirmation of the nature of compounds 
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AMAR APR8 SEEDS #127 RT: 5.49 AV: 1 NL: 4.27E6
F: + c ESI Full ms [ 150.00-2000.00]









































Figure 6 ESI-MS spectra of pseudo molecular ionic compound 
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AMAR APR8 SEEDS #451 RT: 19.85 AV: 1 NL: 1.55E6
F: + c ESI Full ms [ 150.00-2000.00]






































Figure 7 ESI-MS spectra of pseudo molecular ionic compound 
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Figure 8 ESI-MS spectra of pseudo molecular ionic compound 
  154
AMAR APR8 SEEDS #1335 RT: 59.08 AV: 1 NL: 2.18E6
F: + c ESI Full m s  [ 150.00-2000.00]
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AMAR  APR 8 SEED S #923 R T: 40.75 AV: 1 NL: 1.73E6
F: + c ESI Full m s  [ 150 .00 -2000.00]
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Figure 10 ESI-MS spectrum of pseudo molecular ionic compound 
  155
AMAR APR8 SEEDS #149 RT: 6.46 AV: 1 NL: 7.88E6
F: + c ESI Full m s  [ 150.00-2000.00]




































Figure 11 ESI-MS spectrum of pseudo molecular ionic compound 
 
AMAR APR8 SEEDS #251 RT: 10.98 AV: 1 NL: 2.32E7
F: + c ESI Full m s  [ 150.00-2000.00]
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Figure 12 ESI-MS spectrum of pseudo molecular ionic compound 
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AMAR  APR 8 SEED S #653 R T: 28.80 AV: 1 NL : 1.20E6
F: + c ESI Full m s  [ 150 .00 -2000.00]
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Figure 13 ESI-MS spectra of pseudo molecular ionic compound 
 
 
AMAR APR8 SEEDS #963 RT: 42.53 AV: 1 NL: 4.37E6
F: + c ESI Full m s [ 150.00-2000.00]






































Figure 14 ESI-MS spectrum of pseudo molecular ionic compound 
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Figure 15 ESI-MS spectrum of pseudo molecular ionic compound 
 
 
AMAR APR4 POD_040405102830 #113 RT: 4.97 AV: 1 NL: 1.05E6
F: + c ESI Full ms [ 150.00-2000.00]
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Figure 16 ESI-MS spectrum of pseudo molecular ionic compound 
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AMAR APR4 POD_040405102830 #707 RT: 31.16 AV: 1 NL: 4.15E6
F: + c ESI Full m s [ 150.00-2000.00]






































Figure 17 ESI-MS spectrum of pseudo molecular ionic compound 
 
AMAR APR4 POD_040405102830 #1626 RT: 71.29 AV: 1 NL: 1.68E6
F: - c ESI Full ms [ 150.00-2000.00]
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Figure 18 ESI-MS spectrum of pseudo molecular ionic compound 
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